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Editorial 


British Heart Journal: content .. . 


Readers will already have noticed the altered format of the 
British Heart Journal, with larger pages (A4 size) and 
subtle redesign of the front cover and page structure. These 
are forward looking ideas, which are discussed in more 
detail in the companion editorial below. Rest assured that, 
despite the change in packaging, the quality of the 
ingredients and the flavour of the British Heart Journal 
remain the same. The journal will continue to publish 
editorials, original studies, and case reports—chosen by 
peer review and by final discussion in the editorial office. 
There will be no short measure: the journal will continue to 
publish the same amount of text. 

Steps to improve the quality of the content continue. 
The journal was an early partner in the change to the 
Vancouver style, which standardised several elements, 
especially references.' In 1988 the British Heart Journal 
published guidelines to promote the use of appropriate 
statistical design and analysis—emphasising the usefulness 
of confidence intervals.? In harmony with companion 
journals published by the British Medical Journal group, 
several other developments are being implemented. 

Our preference for literate abstracts continues. We aim 
to entice the reader to study the full article and not to rely 
on a few isolated numbers within the abstract, which may 
be misleading. The use of confidence intervals may partly 
overcome this. More specifically, for clinical trials, we aim 
to publish structured abstracts provided by the authors as 
part and parcel of the article. The structured abstract has 
been well defined by Lock, and when appropriate should 
be used to indicate the objective, design, setting, partici- 
pants, interventions, measurements and results, and key 
conclusions.* 

Readers should already have noted an improvement in 


. . . and style 


In 1989 the British Heart Journal celebrated its first 50 
years. This milestone and the start of a fresh decade make it 
a good time for the journal to appear in a new suit—one that 
is larger and allows for a more flexible layout and better 
presentation of tables and illustrations. 


The cover 

The journal has never been a slave to fashion. The original 
familiar crimson jacket that it wore for almost a third of a 
century was shed only in 1970. As the editor, Kenneth 
Shirley Smith, wrote at the time, the ‘‘stylish modern” 
glossy white front cover with maroon border around the 
contents was designed “with the priority of instant 
recognition and immediate presentation of contents” 
firmly in mind. The minutes of the Editorial Committee 
meeting held in 1969 to discuss plans for the redesign 
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the reproduction of black and white and colour illustra- 
tions, We are making greater use of computerised scanning 
techniques to prevent the degradation of what might 
sometimes be fairly faint images in the original. 

Like other major journals, the Brinsh Heart Journal 
wants to publish the full story and not instalments. 
“Salami” publication, in which different elements of the 
same study are scattered in different places, clogs the 
journals, and prevents the reader from getting a compre- 
hensive view of a subject in a single article.‘ The equally 
disparaging term “meat extender” is applied to those 
articles where.a little bit extra—usually a few cases—is 
added to an earlier report. It is often not clear which cases 
have been reported before and the body of knowledge is 
distorted by both approaches. 

The British Heart Journal wants the developments 
reported on its pages to be seen first by the readers, and not 
disseminated by pre-emptive publication in the lay press, 
through extracts published in commercially orientated 
articles, or the like. 

And what of new content? There will be more reviews of 
books chosen because they are unlikely to have received 
attention in the weekly medical press and because they are 
of specific cardiological interest and have that extra flavour 
which appeals to our readers. Also the journal has 
assembled a series of historical photographs from various 
sources, including the collections of the late John Hay of 
Liverpool and of Sir Thomas Lewis; these will appear with 
legends to remind us of the past and how and who thought 
things out. 


DENNIS M KRIKLER 
Editor, 
British Heart Journal 


hopefully record that “A ‘new look’ cover would also 
encourage more of the younger cardiologists to send their 
papers to the British Heart Journal; at present its rather 
staid appearance perhaps discourages the younger research 
workers”. The impact of the 1970 cover on the Young 
Turks of cardiology is difficult to judge but there is no 
doubt it did establish a brand image, which the journal was 
keen to retain with the new larger 1990 format. The new 
design retains the familiar glossy white cover with a maroon 
frame for the list of contents; this should ensure that the 
British Heart Journal continues to be instantly 
recognisable. 


Layout 
The 1970 design for the typography and page layout served 
the journal well. But inevitably the purity of the original 


1 





design was corrupted by the month to month expediencies 
of accommodating changing contents and a considerable 
growth in the number of figures and tables. The format was 
serviceable but dated and the British Heart Journal was 
beginning to look its age, with a profile somewhat blurred 
in middle age. 

These aesthetic considerations alone would soon have 
prompted a review of the journal’s design. But for most of 
the specialist journals published by the BMJ group there 
were also economic and practical gains to be made out of 
changing to a larger page. The move to a larger standard 
metric paper—A4—will lead-to economies in production 
for all nine journals in the BMJ stable that are abandoning 
crown quarto paper, which is now a non-standard size and 
hence expensive. 

The change to a larger page gave the ideal opportunity of 
bringing a fresh eye—that of Ray Fishwick—to the 
variegated styles of all the special journals in the BMJ 
stable. Up till now most of the special journals have 
followed their own inclinations and this has meant that the 
compositors at the printers have had to know about and 
recall the time consuming typographical idiosyncrasies of 
all the BMJ journals that they set. Now, production will be 
streamlined by the unified design. 


Krikler, Dawson 


In formulating a basic design for the group the designer 
was careful to consult with each of the journals before 
settling for an approach that can cope with their individual 
requirements and presents an up to date corporate image 
for the whole stable. 

But for readers and authors the main advantage of the 
new five column design lies in its greater flexibility for 
presenting tables and illustrations. A redesign is as un- 
settling as having decorators in—but once the smell of paint 
has gone, readers and authors should feel as comfortable in 
their new more spacious surroundings as they were in the 
old ones. 

JANE DAWSON 


Technical Editor, 
Brittsh Heart Journal 
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1982,284.1766~70 
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4 Lock S. Publicanon: duplicate, salami, meat extender—all redundant Br 
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5 Smith KS. The Brash Heart Journal Redesigned. Br Heart J 1970,32'1. 
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Editorial 








Electrophysiological basis for the use of adenosine in the 
diagnosis and treatment of cardiac arrhythmias 


The nucleoside adenosine has increasingly been recognised 
to be useful in the treatment and diagnosis of cardiac 
arrhythmias." The most recent articles of Rankin et al® 
and Till et al’ confirm this and provide further evidence of 
the usefulness and applicability of giving intravenous 
boluses of adenosine as a therapeutic and diagnostic tool in 
the short term management of supraventricular arrhyth- 
mias. 

An understanding of the cellular electrophysiological 
effects of adenosine was vital in the development of the 
clinical use of this nucleoside.’ The potential for develop- 
ing additional clinical uses for adenosine or related com- 
pounds (that is agonists and antagonists) rests on further 
delineation of the cellular and molecular mechanisms of 
their action. 

Our object is to describe the current knowledge of the 
cellular electrophysiological actions of adenosine and to 
provide well established examples in which such 
knowledge has led to the successful use of this nucleoside in 
the management of cardiac arrhythmias. 


Basis of action of adenosine 
Adenosine is an endogenous nucleoside whose production 
is increased in response to stimuli such as hypoxia and 
ischaemia. In addition to its coronary vasodilatory proper- 
ties, adenosine has considerable electrophysiological 
effects on the specialised tissues of the heart—that is the 
sinoatrial and atrioventricular nodes and working myocar- 
dium.’ Adenosine induced depression of the pacemaker 
activity of the sinoatrial node and of atrioventricular nodal 
transmission is responsible for the negative chronotropic 
(bradycardia) and dromotropic (atrioventricular block) 
effects caused by the nucleoside. Thus adenosine regulates 
atrial and ventricular rates independently of each other. In 
addition to these effects on the specialised tissues, aden- 
osine produces a concentration-dependent shortening of 
the action potential and hyperpolarisation in the atrial 
myocardium—effects that are accompanied by a negative 
inotropic response.’ On the other hand, in the absence of 
catecholamine stimulation, adenosine causes no discernible 
electrophysiological or inotropic effect in ventricular 
myocardium.’ So adenosine has no effect unless the 
adenylyl cyclase-cAMP system is first stimulated. 
However, under conditions of enhanced adenylyl cyclase 
activity (that is raised concentrations of cAMP), the 
electrophysiological (including triggered activity) and 
positive inotropic effects of 8 adrenergic stimulation are 
antagonised by adenosine.®°® 

The cellular basis for adenosine’s effects in supraven- 
tricular tissues is mainly the activation of a specific 
potassium-outward current (Ixac,ago)—that is the so-called 
acetylcholine regulated potassium channels.’?" Other 
mechanisms of action of adenosine include inhibition of the 
catecholamine stimulated calcium inward current (I,,) and 
in sinoatrial node cells attenuation of the pacemaker 
current (Ip) stimulated by isoprenaline.” ? In contrast, the 
figure shows that the acetylcholine regulated potassium 
channels are not present in ventricular myocytes; the 


electrophysiological actions of adenosine in these cells are 
mainly caused by the attenuation of catecholamine 
stimulated Ic, and catecholamine induced transient inward 
currents (I;,), which is responsible for the delayed after- 
potentials that often lead to trigger activity.4* Pacemaker 
activity arising from Purkinje fibres, stimulated by cate- 
cholamines, can also be depressed by adenosine.'® 


Clinical actions of adenosine 

These electrophysiological properties of adenosine, for the 
most part, form the basis for its clinical antiarrhythmic 
actions. Adenosine has proved to be effective (>90%) in 
terminating supraventricular tachycardia in which the 
atrioventricular node forms one of the limbs of the 
reentrant circuit, such as atrioventricular reciprocating 
tachycardia and atrioventricular nodal reentry.'! By tran- 
siently interrupting impulse propagation through the 
atrioventricular node, adenosine effectively terminates 
these types of supraventricular arrhythmias. Some acces- 
sory pathways with decremental conduction properties 
have also been shown to be sensitive to adenosine,” which 
could explain the adenosine induced termination of long 
RF” tachycardia in the retrograde limb of the reentrant 
circuit reported by Till et al.” Transient atrioventricular 
block caused by adenosine has also been shown to be useful 
in unmasking atrial rhythms (for example, atrial tachycar- 
dia and flutter) that are otherwise concealed by the 
ventricular depolarisations.'* In addition, in atrial tissue, 
hyperpolarisation (caused by an increase in Ipacypdo) 
caused by adenosine may stabilise membrane potential— 
that is, decrease excitability.’° Whether this potential effect 
is responsible for the termination of focal atrial tachycar- 
dias such as those reported by Perelman and Krikler'® 
remains to be established. 
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Figure Effect of adenosine on tome currents of cardiomyocytes. 
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antagomses the effects of catecholamines such as isoproterenol (ISO)- 
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Also of importance and consistent with its ability to 
abolish catecholamine-facilitated triggered activity in 
isolated ventricular myocytes, adenosine has been shown to 
terminate episodes of ventricular tachycardia in a distinct 
subset of patients—those with exertion-related sustained 
ventricular tachycardia and norma! hearts.” This effect of 
adenosine seems to be specific for this mechanism of 
ventricular tachycardia because so far it has been ineffect- 
ive in ventricular tachycardias thought to be caused by 
reentry or enhanced automaticity.’ This important action 
of adenosine combined with its rather specific effect on the 
atrioventricular node provides very useful diagnostic infor- 
mation for wide-complex tachycardia as clearly shown in 
recent studies.*® 

A major clinical advantage of adenosine is that its side 
effects are transitory (seconds) and relatively benign, 
because of its rapid cellular metabolism. Side effects 
predominantly include flushing, dyspnoea, and chest pain. 
Atrioventricular block may also occur, but is seldom 
symptomatic. Rankin et al® reported considerably more 
mild (63%) and severe (36%) side effects with injections of 
adenosine boluses than did earlier studies, including a 
recent trial in the United States of 358 patients.'*"° In the 
earlier studies, the overall incidence of mild side effects was 
approximately 20-29% and severe side effects <0-5%; all 
were transient and did not require treatment.'*° A possi- 
ble explanation of the discrepancy in the incidence of side 
effects is that in the study of Rankin et al” the doses of 
adenosine used were as high as 20 to 25 mg, whereas in the 
trial in the-United States”? the maximum dose was 12 mg. 
Nevertheless, the fact that adenosine has been shown to 
terminate paroxysmal supraventricular tachycardia with- 
out complications in haemodynamically compromised 
children is consistent with adenosine’s high degree of 
safety.’ 


Conclusion 

There are still many potential electrophysiological 
mechanisms that can account for the antiarrhythmic 
properties of adenosine; however, further investigation is 
needed to ascertain not only which of the mechanisms are 
clinically relevant, but also the pathophysiological role of 
adenosine in the genesis of disturbances of cardiac 
rhythm.” ”! Therefore, the development of selective aden- 
osine related compounds (that is agonists and antagonists) 
and other modulators may become a fruitful area of 
investigation that could lead to other approaches to the 
treatment and diagnosis of cardiac arrhythmias. 
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Editorial 








Haemodynamic effects of eating 


. .. Those, who are afflicted with it, are seized, while they are 
walking, and more particularly when they walk soon after 
eating, with a painful and disagreeable sensation ın the breast, 
which seems as if it would take their life away, if it were to 
increase or to continue: the moment they stand still all this 
uneasiness vanishes. 

WILLIAM HEBERDEN (21 July 1768)! 


Cardiologists not infrequently find themselves lecturing at 
evening meetings on the subject of angina pectoris. Many 
would welcome the opportunity to round off their 
presentation, before dinner, with one or two well chosen 
observations on the haemodynamic stresses of eating. 
Compared with the effects of exercise, mental stress, and 
cold (on which the lecturer will have talked with authority), 
eating presents difficulties because published reports are 
sparse and inconsistent. The cardiologist’s experience may 
be limited to vague recollections of childhood warnings not 
to go swimming within an hour of eating a meal for fear of 
potentially fatal cramps in the exercising muscles robbed of 
their blood supply by the bloated gut (or was it that 
redirection of blood to exercising muscles would cause 
violent indigestion?). Further information about these 
effects comes from three recent studies, two of which 
appear on pages 22 and 26 of the current issue.?* 


The studies 

It is reassuring that two articles that rely on widely 
different methods come to broadly similar conclusions. Ina 
paper published in the British Heart Journal of June 1989 
Kelbaek et al used first pass radionuclide imaging to study 
left ventricular dimensions before and after a standard 
Danish meal was eaten.? They showed considerable 
increases in both the end systolic and end diastolic volumes 
of the left ventricle in healthy volunteers studied in the 
supine position. The ejection fraction did not increase; but 
heart rate rose by 17%, stroke volume by 41%, and cardiac 
output by 62%. The blood pressure did not change; so 
eating must have caused at least a 50% drop in peripheral 
vascular resistance, presumably due to vasodilatation in the 
mesenteric bed. 

The group from Nottingham used respiratory gas 
exchange to estimate cardiac output and, more 
ambitiously, extended their observations to include 
exercise tests before and after a meal with subsequent 
measurements of peripheral blood flow in the calf and 
forearm (relevant to the swimming dilemma).’? Again 
healthy volunteers were studied, but this time they were 
sitting or standing. The Nottingham meal was marginally 
more frugal than the Danish one. (It would be interesting 
and feasible to study the effects of differing meal sizes and 
compositions—is a snack as bad as a banquet? If not, at 
what stage does the dose response curve flatten out?) The 
results showed an increase in cardiac output of 30% after a 
meal and this differential persisted on exercise. There was a 
16% increase in heart rate and no change in blood pressure. 
There were significant increases both before and after 


exercise in measures of work done and metabolic activity 
after eating. Total peripheral vascular resistance fell. Limb 
blood flow, before and after exercise, however, was not 
reduced by eating; and since it seems unlikely that other 
vascular beds became vasoconstricted after food Yi et al 
concluded that eating was haemodynamically stressful. 
They expressed surprise that more patients with angina 
and heart failure do not describe a deterioration of their 
symptoms after a meal. Some clinicians (and that includes 
me) might agree with William Heberden’ that angina on 
exercise after eating is, in fact, quite common. As for 
deterioration in heart failure, perhaps some parallels can be 
drawn here between the substantial food-induced drop in 
peripheral vascular resistance shown in all three studies 
and the action of the currently fashionable drugs used for 
the treatment of this condition. Indeed, just such an action 
is highlighted by Herrlin et al whose study of patients with 
heart failure appears in this issue.* The qualitative effects of 
eating and angiotensin converting enzyme inhibitiqn on 
cardiac output, systemic vascular resistance, and 
pulmonary capillary wedge pressure are broadly similar. 


Questions raised 
Like all good studies, these three reports raise many 
questions. It would be helpful to sort out the mechanisms 
of these circulatory adjustments. Although plasma 
catecholamines did not vary before and after food in the 
Danish study,’ reference is made to the effects of the 
autonomic nervous system. Fasting suppresses cate- 
cholamine production, presumably to conserve calories, 
whereas feeding activates the sympathetic system.’ In an 
earlier study, similar to their current one, Kelbaek et al 
showed that the stroke volume and heart rate increased 
after a meal both at rest and on upright exercise. The 
increase in stroke volume, but not heart rate, was inhibited 
by autonomic blockage with metoprolol and atropine. 
Plasma concentrations of adrenaline were unaffected by 
eating, so these workers concluded that parasympathetic 
withdrawal may be important in the postprandial changes 
that they observed. Hormonal factors may also have a 
role—for example infusion of vasoactive intestinal 
polypeptide causes a considerable reduction of peripheral 
vascular resistance, drop in blood pressure, and compen- 
satory tachycardia. Cardiac output rises considerably. 
Whatever mechanisms underlie these interesting 
haemodynamic changes, clinicians will be anxious to see 
whether they are affected by the altered conditions 
associated with disease states. Published reports are 
inconsistent, possibly because of differences in meal 
composition and the mode of exercise (upright/supine). 
One study confirmed the increase in heart rate after a meal 
in subjects with postprandial angina, who also had a larger 
blood pressure response on exertion.” Angina developed 
more rapidly when these patients were exercising after a 
meal, The double product (systolic blood pressure x heart 
rate) at the onset of pain was the same before and after the 
meal. This strongly suggests that the harmful effects of 


eating are more likely to be the result of haemodynamic 
stress rather than the diversion of blood away from the 
coronary arteries to other vascular beds. 

It would be intesting to compare the haemodynamic 
effects of eating in angina patients whose symptoms are or 
are not aggravated by food. How are these effects modified 
by f blockérs, prophylactic nitrates, and different calcium 
antagonists? Theoretically 8 blockers should be helpful 
whereas food might attenuate the value of nitrates. 

Some data have been published on the haemodynamic 
effects of eating in patients with left ventricular failure. In 
one such study, heart rate and cardiac output increased 
after eating, but mean blood pressure fell.* In another study 
the ejection fraction in patients with moderate ventricular 
dysfunction increased after a meal.’ The observed effects 
did not seem to be particularly detrimental and were 
similar to those reported in the current study by Herrlin er 
al. These changes were accentuated by angiotensin 
converting enzyme inhibition but were also quite 
considerable in a group treated with placebo. Any study of 
vasodilator treatment that does not take account of these 
basal fluctuations is likely to be seriously flawed. 


Advice 

All patients with angina should be advised to avoid exertion 
after eating. Perhaps an hour is sufficient (the current 
observations were made at 30 minutes) though haemo- 
dynamic changes have been seen as long as six hours after a 
meal. Significant changes were still present 2-4 hours after 
eating in heart failure patients treated with placebo. 
Further information is needed before drug treatment can 
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be tailored to a specific requirement and appropriate advice 
given on the size and content of the meal least likely to 
provoke angina. Meanwhile, the well informed lecturer 
might conclude by inviting the audience to reflect on the 
negative inotropic effect that healthy people show after 
drinking alcohol.” 
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Abstract 

Thallium tomographic imaging and 
exercise electrocardiography were per- 
formed on 136 diabetic patients without 
symptoms of heart disease. Thirty three 
patients had post-exercise thallium 
defects and 19 had ST 1 mm >segment 
depression’ during exercise electrocar- 
diography. Both tests were positive in 13 
patients. Coronary angiography was sub- 
sequently performed on 33 patients with 
either scintigraphic and/or electrocar- 
diographic evidence of myocardial 
ischaemia. Angiographically significant 
coronary artery disease (> 50% narrow- 
ing of the coronary artery lumen) was 
detected in 13 patients. Six patients had 
minimal coronary artery stenosis 
(<50%), and 14 had normal coronary 
arteries. Six patients refused cardiac 
catheterisation. In 14 out of 27 patients 
with post-exercise thallium defects 
coronary angiography did not show any 
coronary artery stenoses (positive predic- 
tive accuracy 48%). Exercise electrocar- 
diography showed only one false positive 
result (positive predictive accuracy 94%) 
but failed to detect coronary artery dis- 
ease in three patients with a positive 
scintigraphic result. 

The accuracy of a positive exercise elec- 
trocardiographic test seems to be better 
than that of a positive thallium tomo- 
graphic scan for detecting asymptomatic 
coronary artery disease in diabetic 
patients. The high number of false 
positive thallium defects may be the 
result of technical features inherent in 
thallium tomography and/or the possible 
disease of the small intramyocardial 
arteries in diabetic patients. 


Heart disease is a major cause of mortality and 
morbidity in diabetic patients! and coronary 
artery disease is more common in diabetic 
patients.? Silent myocardial infarctions are 
common and myocardial ischaemic episodes 
often tend to be asymptomatic in diabetic 
patients.>> Recent studies suggest that silent 
myocardial ischaemia may be accompanied by 
increased mortality,” and hence non-invasive 


tests have been recommended to detect asymp- 
tomatic coronary artery disease. We evaluated 
the usefulness of thallium tomographic imag- 
ing and exercise electrocardiography for detec- 
ting coronary artery disease in a population of 
diabetic patients without symptoms of heart 
disease. 


Patients and methods 

PATIENTS 

The diabetic patients were selected from the 
patient register of Oulu University Central 
Hospital and the membership register of the 
local diabetic association. Table 1 presents 
their clinical data. Those classified as having 
type I diabetes (insulin dependent diabetes 
mellitus, n = 70) had had diabetes and a ten- 
dency to ketosis from an early age, while those 
classified as type II diabetic patients (non- 
insulin dependent diabetes mellitus, n = 66) 
were treated with a diet alone or with a diet 
combined with oral hypoglycaemic agents. 
Patients with type II diabetes were not liable to 
ketosis and showed considerable C-peptide 
activity after glucagon stimulation. All the 
diabetic patients fulfilled the World Health 
Organisation criteria for idiopathic diabetes 
mellitus. We studied 50 women and 86 men. 

The exclusion criteria were: (a) age <35 or 
> 60; (b) duration of type I diabetes <5 years; 
(c) known ischaemic heart disease; (d) symp- 
toms of ischaemic heart disease according to 
the Rose questionnaire; (e) antilipidaemic 
medication; (f) severe renal disease (serum 
creatinine >200 mmol/l); (g) uncontrolled 
retinopathy; (h) thyroid disease, overt malig- 
nant tumours, alcoholism; and (1) any severe 
disease that could be contraindication for the 
maximal exercise test. 

All the patients gave their informed consent 
and the investigation was approved by the 
ethics committee of the Faculty of Medicine at 
the University of Oulu. 


METHODS 

Eligible patients were examined by maximal 
exercise electrocardiography and exercise 
thallium tomographic imaging. If either of 
these non-invasive tests showed signs of 
myocardial ischaemia the patient was recalled 
for cardiac catheterisation. 


Table 1 Climcal characteristics of the diabetic patients (mean (SD) ) 


IDDM NIDDM Both 
(n = 70) (n = 66) (n = 136) 
Age g 46-3 (7 3) 49 4 (6 8) 478 (7 2) 
Sex (F/M) 31/39 19/47 50/86 
Duration of diabetes (yr) 13 (8) 10 (6) 12(7) 
Treatment of diabetes’ 
Insulin 69 ey 15 (23%) 84 (62%) 
Insulin and oral hypoglycaemic agents 10%) 1(2%) 201%) 
Oral hypoglycaemic agents 26 (39%) 26 (19% 
Diet only 24 (36%) 24 ee 
Glycated haemoglobin A, (%) 114(23) 11-0 (2:7 113 
Blood glucose (mmol/l) 110 g 7) 10-7 (3 3 109(38 
Serum cholesterol (mmo!/1) 5'8 (1-0) 59(12 58(1 1) 


IDDM, sulin dependent diabetes mellitus; NIDDM, non-insulin dependent diabetes 


mellitus 


Exercise electrocardtography 

A maximal] exercise test was performed on an 
electrically braked bicycle ergometer, starting 
at a workload of 30 W which was increased 
every minute by 15 W for men and 10 W for 
women. The final workload was the individual 
maximum determined by age or fatigue. The 
maximal heart rate was calculated on the basis 
of the following equation: 205 — 1/2 x age. 
The target was to achieve at least 85% of this 
maximal heart rate. A 12 lead electrocar- 
diogram was recorded before the test and at the 
end of every second minute during it and up to 
five minutes afterwards. More frequent 
recordings were made if electrocardiographic 
signs, abnormal blood pressure reactions, or 
any symptoms developed. A test was regarded 
as positive if there were ST depressions of 
21 mm that were planar or downsloping and 
persisted for 0-08 s after the J point. 


Thallium-201 scintigraphy 
Thallium scintigraphy was performed one day 
after exercise electrocardiography according to 
the same exercise protocol. Three mCi 
(110 MBq) of thallium-201 was injected 
intravenously 30—60 seconds before the end of 
the ergometric exercise. Thallium imaging was 
started within 5 minutes of the end of the 
bicycle test and was repeated after about 4 
hours’ rest. A detailed description of the 
thallium tomographic imaging method has 
been given earlier. Data acquisition was 
carried out with a Siemens Rota ZLC 75 
gamma camera with a low energy, all purpose 
collimator. Thirty images at each of 6 grades 
were acquired for 35 seconds each to form a 
matrix of 64 x 64 elements. Total acquisition 
time was 20 minutes. Data collection began 
from the posterior oblique view and ended at 
the right anterior oblique view. The transaxial 
sections were reconstructed by filtered back- 
projection with the Gamma-11 computer sys- 
tem. No attenuation correction was performed. 
Each reconstructed slice was 12 mm thick. 
Coronal and sagittal tomograms were reorgan- 
ised from the set of transaxial tomograms 
corresponding to transverse and longitudinal 
sections of the cardiac axis. The tomographic 
slices were stored as x rays for later analysis. 
The images for each patient were examined 
by two different observers without knowledge 
of the angiographic information. Five discrete 
regions of the left ventricular myocardium— 
anterior, septal, apical, inferior and pos- 
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terolateral—were defined. Regional perfusion 
was regarded as abnormal if a defect could be 
seen in at least two tomographic sections with 
or without redistribution. The thallium defects 
were graded as mild, moderate, or severe by 
visual interpretation of the images. Complete 
agreement between the observers about the 
presence or absence of coronary artery disease 
was achieved in 125 (92%) cases and a consen- 
sus was obtained by discussion in the remain- 
ing 11 (8%) cases. 


Cardiac catheterisation 

All the patients who showed signs of myocar- 
dial ischaemia in the above non-invasive tests 
were recalled for cardiac catheterisation. Six of 
the 39 refused to undergo this procedure. The 
remaining 33 patients underwent left sided 
cardiac catheterisation, ‘including selective 
coronary arteriography in multiple projections 
comprising caudal and cranial views obtained 
by the Judkins technique. Biplanar left ven- 
tricular cineangiograms were taken as des- 
cribed earlier.” A reduction of 250% of 
luminal diameter was regarded as a significant 
lesion. The angiographic findings were inter- 
preted by two experienced observers. 


Results 

EXERCISE ELECTROCARDIOGRAPHY AND 
SCINTIGRAPHY DATA 

One hundred and three patients (76%) reached 
85% of the maximum heart rate predicted for 
their age during the bicycle exercise test while 
the remaining 33 (24%) stopped because of 
fatigue without reaching this maximum. None 
of the patients had angina or chest pain during 
the stress test. Nineteen patients (14%) had 
21 mm ST depression during or after exercise 
and 117 (86%) had a normal electrocardio- 
graphic response to exercise. Thirty ‘three 
patients (24%) had defects in the post-exercise 
thallium tomographic images, these being 
reversible in 23 (16 mild, five moderate, two 
severe), fixed in eight (six mild, one moderate, 
one severe), and diffuse reductions of thallium 
uptake in two. Figure 1 shows an example of 
thallium tomographic images from a symptom 
free patient with three vessel disease in coron- 
ary angiography. The haemodynamic respon- 
ses were similar in patients during exercise 
electrocardiography and thallium scintigraphy 
(table 2). 


RELATION BETWEEN CORONARY ANGIOGRAPHY 
FINDINGS AND RESULTS OF THE NON-INVASIVE 
TESTS 

Thirteen patients had coronary artery stenosis 
(250% narrowing), six had coronary artery 
narrowings of <50%, and 14 had angio- 
graphically normal coronary arteries. Three 
patients had three vessel disease, five patients 
had two vessel disease, and five patients had 
one vessel disease. Table 3 shows the relations 
between the angiographic findings and the 
results of non-invasive tests. Fourteen of 27 
patients with positive scintigraphic results had 
normal findings at coronary angiography 
(positive predictive accuracy 48%), while only 
one of 17 patients with positive exercise 
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Figure 1 An example of thallium tomographic images in a symtom free patient with three vessel disease detected by coronary angiogra, There 
were reversible defects in the inferoposterior and apical regions of the left ventricle. Sagittal sections (a) at rest hf (b) prs dynamic aah 


electrocardiography had normal coronary 
angiography (positive predictive accuracy 
94%). 

Nine (eight mild, one moderate) out of 14 
false positive defects were reversible and five 
(mild) defects were fixed. Five (mild) out of the 
14 false positive defects were in the anterior 
region, four (three mild, one moderate) in the 
inferior region, two (mild) in the septal region, 
one (mild) in the posterior region of the left 
ventricle, and two defects were diffuse reduc- 
tions of thallium uptake. Figure 2 shows a false 
positive thallium scan. 


There were two patients with a positive 
thallium scan and negative exercise electrocar- 
diography who had significant coronary artery 
stenoses and one who had insignificant sten- 
oses. Conversely there were three patients with 
positive exercise electrocardiography and 
negative thallium scan who had significant 
coronary artery stenoses and three patients who 
had insignificant coronary artery stenoses. One 
patient with a false negative exercise electrocar- 
diogram had two vessel coronary artery disease 
and the other had one vessel disease, whereas 
one patient with negative thallium scintigraphy 


Table 2 Haemodynamic data during exercise electrocardiography and thallium scintigraphy in the catheterised patients 




















Exercise electrocardiography Thallium scintigraphy 
Heart rate (beats/min) SBP (mm Hg) Heart rate (beats/min) SBP (mm Hg) 
Lead (max) —_—_—_—_—_—_—_—_ Load( max) 

Case no Rest Exercise Rest Exercise (wW) Rest Exercise Rest Exercise (W) 

1 078 165 140 200 090 083 155 170 195 090 

2 069 131 145 180 120 135 165 110 160 110 

3 115 178 130 210 180 095 160 120 230 195 

4 095 155 195 270 195 100 150 180 260 180 

5 076 160 105 180 090 090 160 125 150 090 

6 067 153 130 210 210 080 160 105 190 210 

7 076 171 130 230 120 080 170 160 210 130 

8 100 172 180 240 180 090 129 150 220 135 

9 075 165 150 220 210 073 145 110 220 195 
10 110 178 170 185 070 125 175 185 220 080 
11 053 156 145 190 165 074 125 125 210 150 
12 071 171 145 240 255 080 165 120 210 240 
13 063 154 160 210 195 055 155 145 170 195 
14 078 150 150 215 225 074 136 150 220 195 
15 063 150 135 230 225 064 142 100 185 225 
16 085 123 170 190 070 096 130 130 200 120 
17 072 145 120 180 180 087 150 150 200 195 
18 069 170 130 220 255 070 152 120 210 255 
19 090 166 130 210 100 090 162 155 190 100 
20 057 170 180 240 240 066 165 150 230 240 
21 085 170 140 210 195 100 160 140 190 225 
22 064 112 155 125 120 059 108 155 145 120 
23 090 153 155 200 120 088 155 120 170 150 
24 080 155 155 210 165 070 140 110 230 180 
25 072 150 130 210 120 085 142 130 185 120 
26 085 133 140 240 135 081 125 160 210 135 
27 091 106 130 170 130 098 160 120 170 140 
28 065 160 165 240 120 095 168 140 230 120 
29 081 153 160 200 180 082 130 160 190 180 
30 066 182 110 175 195 095 180 110 175 195 
31 084 168 125 180 210 079 158 120 190 210 
32 115 163 145 240 180 100 138 150 260 120 
33 07 173 130 185 210 064 150 140 210 135 


SBP, systolic blood pressure. 
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Table 3 Relation between coronary angiographic findings and results of positive 
exercise electrocardiography and/or thallium scintigraphy 
ne 


Diseased coronary Positive thallium Negative thallium Positive Negative 
arteries i scintigraphy scintigraphy exercise ECG exercise ECG 
Te 
Refused angiography 6 0 2 4 

None 14 0 1 13 

Minimal narrowings 3 3 5 1 

1 vessel disease 3 2 4 1 

2 vessel disease 4 1 4 1 

3 vessel disease 3 0 3 0 
Or 


ECG, electrocardiogram. 


had two vessel disease and two patients had one 
vessel disease. 

There were 11 catheterised patients with 
both positive thallium scintigraphy and exer- 
cise electrocardiography. Eight out of these 
patients had significant coronary artery sten- 
oses, two had insignificant narrowing, and one 
had normal coronary arteries. 


Discussion 

Thallium tomographic imaging showed per- 
fusion defects in a high proportion of diabetic 
patients without symptoms of heart disease. 
These results are consistent with a previous 
survey in which 42°,, of symptom free diabetic 
men had positive thallium scans,” although 
this study did not relate the thallium results to 
coronary angiographic findings. 

In the present study, thallium tomographic 
imaging showed perfusion defects in 24°, of 
patients. Perfusion defects were commonly 
detected when coronary angiography showed a 
normal epicardial coronary artery anatomy. 
Some of the false positive thallium scinti- 
graphic results may be the result of technical 
features inherent in thallium tomography, such 
as breast artefacts, inaccurate patient position- 
ing between imaging phases, diaphragmatic 
attentuation of the inferior cardiac wall, abnor- 
mal apical thinning, computer processing 
errors, or obesity.'' Thallium defects in the 
false positive scans were usually mild and 
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reversible. The visual interpretation between 
mildly defective and normal thallium uptake is 
highly subjective, which may partly explain the 
present results. Quantitative analysis of the 
images might reduce or increase the number of 
false positive scans. 

One explanation for the false positive results 
is the possibility of disease of the small 
intramyocardial arteries with diabetes, which 
may result in perfusion defects even when the 
epicardial coronary artery anatomy is normal. 
Two patients with normal coronary anatomy 
had diffuse irregularities in thallium uptake, 
which may actually be caused by small vessel 
disease or diabetic cardiomyopathy. Further- 
more, visual interpretation of the coronary 
arteries may not be a reference standard for 
non-invasive tests,’ a fact which may also 
partly explain the low positive predictive 
accuracy of thallium imaging. In fact we found 
perfusion defects in three and electrocardio- 
graphic evidence of myocardial ischaemia in 
five out of six patients in whom coronary 
narrowings was interpreted as minimal 
(<50°,,). We know of no other evaluations of 
the positive preditive accuracy of single photon 
emission computed tomography in a large 
series of symptom free patients. When we used 
the imaging method described, we found a high 
sensitivity and specificity of thallium tomo- 
graphic method in different patient 
populations.*'* The present data further 
emphasise the need for validating the new non- 
invasive tests in patient populations with dif- 
ferent pre-test probabilities of myocardial 
ischaemia." 

An abnormal exercise electrocardiogram is 
more common in diabetic than in non-diabetic 
patients. The prevalence of abnormal ST seg- 
ment changes has been estimated to be 20-23”, 
in symptom free diabetic populations’ ’ '® and 
2-13% in other symptom free populations." 
The prevalence of abnormal exercise elec- 
trocardiography was 14%, in this-study. The 
predictive accuracy for abnormal exercise elec- 





Figure2 An example of a false positive thallium scan in a patient with normal coronary angiography. A reversible defect in the inferoposterior 


region of the left ventricle. Coronal sections (a) at rest and (b) after dynamic exercise. 
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trocardiography in symptom free cohorts has 
been reported to be only 20%." On the con- 
trary, the positive predictive accuracy of exer- 
cise electrocardiography was as high as 94% in 
the present series. According to Bayes’ theorem 
the predictive value varies with the prevalence 
of disease.” We studied mostly male, middle 
aged and elderly diabetic patients. In this type 
of population the prevalence of coronary artery 
disease is high, perhaps explaining the high 
predictive accuracy of exercise electrocar- 
diography in the present study. 

The predictive accuracy of exercise elec- 
trocardiography was better than that of 
thallium imaging but it still failed to detect 
three patients with coronary artery disease. 
These results accord with previous observa- 
tions that exercise electrocardiography may 
have a low sensitivity for detecting coronary 
artery disease.” ’! In the present study we could 
not calculate the absolute sensitivity and 
specificity of these methods, because this 
would have required all the patients to be 
catheterised. 

Screening of certain high risk populations 
has recently been proposed for detecting 
coronary artery disease, because of the pos- 
sibility of silent myocardial ischaemia." 7% 
The present findings suggest that thallium 
tomographic imaging may not be a particularly 
useful non-invasive screening method in symp- 
tom free diabetic patients because of its low 
positive predictive accuracy. The accuracy of a 
positive exercise electrocardiogram is higher, 
but it may have lower sensitivity. 


This study was supported by a grant from the Finnish Founda~ 
uon for Cardiovascular Research and Ida Montm’s Foundation, 
Helsinka, Finland 
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Diagnostic significance of gadolinium-DTPA 
(diethylenetriamine penta-acetic acid) enhanced 
magnetic resonance imaging in thrombolytic 
treatment for acute myocardial infarction: its 
potential in assessing reperfusion 
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Abstract 

The diagnostic value of gadolinium- 
DTPA (diethylenetriamine penta-acetic 
acid) enhanced magnetic resonance 
imaging in patients treated by throm- 
bolysis for acute myocardial infarction 
was assessed in 27 consecutive patients 
who had a first acute myocardial infarc- 
tion (14 anterior, 13 inferior) and who 
underwent thrombolytic treatment and 
coronary arteriography within 4 hours of 
the onset of symptoms. Magnetic reson- 
ance imaging was performed 93 hours 
(range 15-241) after the onset of symp- 
toms. A Philips Gyroscan (0°5 T) was 
used, and spin echo measurements (echo 
time 30 ms) were made before and 20 
minutes after intravenous injection of 
0-1 mmol/kg gadolinium-DTPA. In all 
patients contrast enhancement of the 
infarcted areas was seen after Gd-DTPA. 
The signal intensities of the infarcted and 
normal values were used to calculate the 
intensity ratios. Mean (SD) intensity 
ratios after Gd-DTPA were significantly 
increased (1:15 (0°17) v 1:52 (0°29)). Inten- 
sity ratios were higher in the 17 patients 
who underwent magnetic resonance 
imaging more than 72 hours after the 
onset of symptoms than in the 10 who 
underwent magnetic resonance imaging 
earlier, the difference being significantly 
greater after administration of Gd- 
DTPA (1:38 (0°12) v 1°61 (0°34). When 
patients were classified according to the 
site and size of the infarcted areas, or to 
reperfusion (n = 19) versus non-reper- 
fusion (n = 8), the intensity ratios both 
before and after Gd-DTPA did not show 
significant differences. 

Magnetic resonance imaging with Gd- 
DTPA improved the identification of 
acutely infarcted areas, but with current 
techniques did not identify patients in 
whom thrombolytic treatment was suc- 
cessful. 


Magnetic resonance imaging of the heart offers 
the potential for the non-invasive detection, 
localisation, and measurement of acutely in- 
farcted myocardial areas. Infarcted areas can 
be identified by local wall thinning, increased 
flow signal in the ventricular cavity, and in- 
creased signal intensity in the infarcted area.*? 


In particular T, and T, relaxation times are 
prolonged in the oedematous infarct zone.** T, 
prolongation seems to predominate and there- 
fore an increased myocardial signal intensity is 
best appreciated on T, weighted images 
obtained by long repetition times and long echo 
times with the multi-echo technique in a spin 
echo sequence.” *® However, in many cases the 
contrast has been suboptimal because of the 
inherent low signal to noise ratio. Recently, the 
use of gadolinium (Gd)-diethylenetriamine 
penta-acetic acid (DTPA) as a paramagnetic 
contrast agent has been proposed for better 
delineation of areas of infarcted myocardium, '® 
2 Gd-DTPA significantly shortened the T, 
relaxation time of irreversibly injured canine 
myocardium and so increased the signal inten- 
sity of the infarct in relation to normal myocar- 
dium.’* Previous studies in patients with 
acute myocardial infarction have shown that 
administration of Gd-DTPA resulted in signi- 
ficant contrast enhancement of infarcted myo- 
cardial areas, with maximal contrast en- 
hancement being obtained 20-30 minutes after 
administration.'?’© Experimental studies have 
shown that Gd-DTPA enhanced magnetic 
resonance imaging can distinguish between 
reperfused and non-reperfused myocardium in 
acute myocardial infarction." This might be 
of clinical importance because currently there 
are no reliable methods of assessing the results 
of coronary thrombolysis non-invasively. To 
test this diagnostic potential we examined the 
results of magnetic resonance imaging before 
and after administration of Gd-DTPA in 27 
patients with acute myocardial infarction who 
underwent coronary arteriography and intra- 
coronary administration of streptokinase 
within 4 hours of the onset of symptoms and in 
whom we therefore had unequivocal evidence 
on the occurrence of early reperfusion. As well 
as the effect of reperfusion we evaluated the 
influence of infarct size and site on myocardial 
signal intensity and we determined the time 
period in which Gd-DTPA gave the greatest 
enhancement. 


Patients and methods 

PATIENTS 

Twenty seven patients (23 men, four women; 
mean age 52 years (range 30-75)) with acute 
myocardial infarction were studied by electro- 
cardiographically gated magnetic resonance 
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Indwidual results of streptokinase treatment and magnetic resonance imaging findings 





Age (yr) Infarct 
Case and sax me 
1 57M Inf 
2 3M Inf 
3 56M Inf 
4 46M Ant 
5 46M Ant 
6 47M Ant 
7 49 F Inf 
8 4&2 F Inf 
9 33M Inf 
10 65M Ant 
11 51M Ant 
12 57M Inf 
13 41M Ant 
14 60M Ant 
15 39M Ant 
16 68 F Ant 
17 75M Inf 
18 58M Inf 
19 50M Inf 
20 59M Ant 
21 49M Inf 
22 75M Inf 
23 70 F Ant 
24 46M Ant 
25 38 M Ant 
26 51M Ant 
27 61M Inf 
Mean 52 
SD 11 


Time to From infarct 

Infarct Residual Cumulative r uson to MRI IR before IR after AIR Aspect 
artery stenosis (%)-- - HBDH {UJI} {(mmn)t (h) Gd-DTPA Gd-DTPA (%) contrast 
RCA 91-99 664 55 103 143 44 uv 
LCX 50-90 2018 105 093 129 39 H 
Lcx 50-90 542 105 101 129 28 * 
LAD 0-50 105 us 107 124 16 0 
LAD 50-90 1230 130 106 1-23 16 k 
LAD 0-50 1331 145 i 110 135 144 7 I 
RCA 91-99 590 150 115 121 5 II 
RCA 0-50 296 150 100 146 46 II 
RCA 91-99 534 160 113 115 131 14 I 
LAD 0-50 1471 160 119 107 173 63 I 
LAD 50-90 2137 170 Ld 141 27 Il 
RCA 91-99 2108 180 120 118 1:32 12 II 
LAD 0-50 1234 185 «Bal 127 158 24 I 
LAD 0-50 1374 200 102 163 60 Il 
LAD 0-50 1051 210 136 213 57 Il 
LAD 0-50 387 210 165 255 55 Il 
RCA 91-99 822 240 0 94 1:31 39 I 
LCX 0-50 822 240 144 174 21 I 
RCA 0-50 1061 180 128 140 9 H 
LAD 100 1745 — 109 100 1 80 80 II 
LCX 100 685 = 179 109 152 38 II 
RCA 100 1238 — 115 138 20 I 
LAD 100 1509 — 0 86 131 52 II 
LAD 100 562 — 113 1 66 47 I 
LAD 100 282 — 113 151 34 II 
LAD 100 1350 — 167 115 145 26 H 
LEX 100 1135 -= 134 138 173 25 H 

1048 115 152 33 

566 017 029 19 





Ant, anterior, HBDH, hydroxybutyrate dehydrogenase, inf, inferior, IR, intensity ratio infarct/normal tissue, AIR = percentage change ın intensity ratio, LAD, 


left anterior descending coronary artery; LCX, left circumflex coronary artery, MRI, magnetic resonance imaging; Ri 


» Tight coronary artery, 0 = no contrast 


enhancement; I = homogeneous contrast enhancement, II = mhomogenoua contrast enhancement. *Poor image quahty {Time from streptokinase infusion to 


reperfusion in minutes 


Figure 1 Planes used for 
detection of myocardtal 
infarction (transverse 
planes for anteroseptal 
infarction and sagittal 
planes for inferior 
infarction. LV, left 
ventricle, RV, right 
ventricle. 
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ie imaging 93 hours (range 15—241) after the acute 


event (table). Seventeen patients were included 
in previous related studies.” In all patients a 
first transmural myocardial infarction was 
diagnosed on the basis of electrocardiographic 
Q waves anda typical increase in cardiac 
enzymes. Immediately after electrocardio- 
graphic evidence of acute myocardial infarction 
was obtained, an. intravenous dose of 
750 000 U of streptokinase was given. The 
coronary arteriography was performed within 4 
hours of the onset of symptoms. At catheterisa- 
tion, an additional dose of 250 000 U strepto- 
kinase was usually administered into the infarct 
related artery. In 19 patients reperfusion was 
achieved; in eight patients the infarct related 
artery remained occluded. Ten patients under- 
went magnetic resonance imaging studies 
within 72 hours of the onset of symptoms 
(mean 47 hours, range 15-64 hours; group 1) 
and 17 patients underwent magnetic resonance 
imaging studies >72 hours (mean 120 hours, 


‘i; Tange 82-241 hours) (group 2) after the onset of 


K 


` symptoms. The cut off point of 72 hours was 
‘Transverse i 





| based on our policy to perform percutaneous 


coronary transluminal angioplasty within 72 
hours in patients with signs and symptoms of 
residual ischaemia after thrombolytic treat- 
ment. Anterior wall infarction was present in 
14 patients and inferior wall infarction in 13 
patients. To measure infarct size we used 
cumulative a hydroxybutyrate dehydrogenase 
release up to 72 hours after the onset of 
symptoms.” In our study, mean « hydroxy- 
butyrate dehydrogenase release was 1048 U/I 
(range 105 to 2136 U/l). Patients with an & 
hydroxybutyrate dehydrogenase release of 
< 1000 U/l were considered to have small to 
moderate infarctions (12 patients, mean 492 
U/l, range 105 to 822 U/l). Fifteen patients had 
large infarctions (> 1000 U/l, mean 1432 U/l, 
range 1051 to 2137 U/D. 


MAGNETIC RESONANCE IMAGING TECHNIQUE 

The magnetic resonance imaging studies were 
performed with an 0-5 T Philips Gyroscan. 
Four 10 mm thick slices were taken at a 5 mm 
slice interval. Sagittal planes were chosen for 


Sagittal 





14 


anterolateral or inferior infarction, and trans- 
verse planes for anteroseptal or posterolateral 
infarction (fig 1). The echo times were 30 ms 
and the repetition times were equal to the RR 
interval. The trigger delay was 200 ms after the 
R wave of the electrocardiogram. A matrix of 
128 x 256 pixels was used for acquisition and 
the images were displayed with a 256 x 256 
matrix. The field of view was 30—40 cm. 

After the baseline magnetic resonance imag- 
ing scans were performed, all patients received 
an intravenous injection of 0-1 mmol Gd- 
DTPA/kg body weight. Since our previous 
studies showed maximal contrast in the first 
15-25 minutes after Gd-DTPA adminis- 
tration, ™®™ the magnetic resonance imaging 
scans were repeated about 20 minutes after the 
administration of Gd-DTPA. 


IMAGE ANALYSIS 

The magnetic resonance imaging scans were 
visually assessed for the presence of signs 
indicative of myocardial infarction. The region 
with maximal contrast enhancement was con- 
sidered to represent the infarcted area and the 
region without visual contrast enhancement 
was considered to represent normal myocardial 
tissue. The images were read by two indepen- 
dent observers blinded to patient identity. 
When they disagreed a third observer was 
consulted to reach a consensus. Quantitative 
evaluation of contrast enhancement was also 
performed by computer assisted determination 





Figure 2. Sagittal image before (a) and after (b) 
administration of Gd-DTPA in a patient with an 
inferoposterior wall infarction and successful 
recanalisation of the right coronary artery. Twenty 
minutes after Gd-DTPA administration homogeneous 
contrast enhancement (type I) was seen in the 
inferoposterior region of the myocardium, reportedly 
representing reperfusion. Also the non-infarcted 
segments showed an increase in contrast enhancement. 
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of signal intensities. Signal intensities from the 
post-contrast images were obtained by region 
of interest analysis from adjacent myocardial 
regions, usually 10 per slice (about 1 cm? per 
region). Based on the signal intensities 
obtained, intensity versus region curves were 
constructed and the region with maximal signal 
intensity after Gd-DTPA was regarded as 
representing the infarcted area. Signal inten- 
sity ratios were calculated by dividing the 
maximal signal intensity by the signal intensity 
from a normal non-infarcted region. Signal 
intensities were normalised for the increase in 
the non-infarcted areas, which was shown to be 
around 20°,.” For optimal comparison of 
changes in the intensity ratios of the pre-con- 
trast and post-contrast images, we selected the 
regions on the post-contrast image that were 
similar on the time-activity curve obtained 
from the pre-contrast image. We also 
dichotomised our patients according to the 
morphological appearance of the contrast 
enhancement based on experimental findings 
by Peshock er al.° Homogeneous contrast 
enhancement is considered to represent reper- 
fusion and was called type I in our study (fig 2), 
and inhomogeneous enhancement, reportedly 
representing non-reperfusion, was called type 
II (fig 3). 


STATISTICAL ANALYSIS 
Statistical analysis was performed with the 
multiple ¢ test and Bonferroni’s correction. 





Figure 3 Tranverse image before (a) and after (b 
administration of Gd-DTPA in a patient with an 
anteroseptal wall infarction. The left anterior descending 
coronary artery remained occluded after intracoronary 
streptokinase. Fifteen minutes after Gd-DTPA 
administration inhomogeneous contrast enhancement 

type IT) was seen in the anteroseptal region of the 
myocardium, reportedly representing non-reperfusion.'” 
Like figure 2 the non-infarcted segments showed an 
increase in contrast enhancement. 


as 
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Figure 4 Intensity ratio 
before and after Gd- 
DTPA admimstration 
when magnetic resonance 
imaging was early (within 
72 hours) and when ıt was 
late (more than 72 hours 
after acute onset of 
symptoms). After Gd- 
DTPA the mtensity rano 
in late magnetic resonance 
imaging was significantly 
higher than in early 
magnetic resonance 
maging (p < 0:05). 
Within each group the 
signal intensity ratio 
increased significantly 
after Gd-DTPA 
admmumstration 

(*p < 0001). 


Non-parametric correlation analysis was per- 
formed with Spearman rank test. A p value of 
<0-05 was considered to be significant. Values 
are expressed as the mean (SD). 


Results 

The table shows the results of thrombolytic 
treatment and the magnetic resonance imaging 
findings in each patient. After the administra- 
tion of Gd-DTPA 24 patients (89%) showed 
increased contrast enhancement in the infarc- 
ted areas, which improved infarct definition. 
The site of the region with contrast en- 
hancement always coincided with the infarct 
site established by the electrocardiogram. Also 
the non-infarcted areas showed a slight but 
definite increase of contrast after Gd-DTPA 
(figs 2 and 3). In one patient (case 4) no contrast 
enhancement was seen; this was probably 
because the infarct was small (a hydroxy- 
butyrate dehydrogenase release of 105 U/l). In 
two patients (cases 3 and 5) poor quality 
magnetic resonance imaging did not allow 
adequate visual interpretation. Despite the 
absence of visually observed contrast 
enhancement in three patients, all 27 patients 
showed an increase of computer-assessed 
intensity ratios after Gd-DTPA (1-15 (0:17) v 
1-52 (0-29) (p < 0-001)). The area with the 
computer-assessed maximal signal intensity 
ratio after Gd-DTPA was always within the 
areas of maximal signal enhancement by visual 
assessment. 

The intensity ratio before Gd-DTPA in the 
patients who were studied early (group 1) (1-06 
(0-12)) was not significantly different from that 
in the patients who were studied late (group 2) 
1-19 (0:18). After administration of Gd-DTPA 
patients in group 1 showed intensity ratios of 
1-38 (0-12) and those in group 2 1-61 (0-34) 
(p < 0-05) (fig 4). There was a significant 
correlation between time to magnetic reson- 
ance imaging and intensity ratio after Gd- 
DTPA (Spearman rank correlation coefficient: 
0:34; p < 0-05). 

Infarct size had no significant effect on signal 
intensities. Before admunistration of Gd- 
DTPA the intensity ratios of the patients with 
small to moderate infarcts (a hydroxybutyrate 
dehydrogenase release <1000 U/l) were 1-15 
(0:20) and the intensity ratios of the patients 
with a large infarct size (a hydroxybutyrate 
dehydrogenase release > 1000 U/l) were 1-14 
(0-16) (p = NS). After administration of Gd- 
DTPA the small infarct size group showed 
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Figure 5 Intensity rato before and after Gd~-DTPA 
tration in relation to infarct size (small to 
moderate infarct size (hydroxybutyrate dehydrogenase 
(HBDH) release < 1000 UD versus large mfarct size 
(HBDH release > 1000 U/l). There was no sigmficant 
affect of infarct size on signal intensity rano before or 
after Gd-DTPA admemstration. Within each group the 
intensity ratio increased significantly after Gd-DTPA 
nistration (*p < 0001). 
intensity ratios of 1:52 (0:36) v 1:52 (0-24) 
(p = NS) in the large infarct size group (fig 5). 

There were no differences in intensity ratios 
between patients with an anterior wall infarc- 
tion and those with inferior wall infarction. 
Before administration of Gd~-DTPA the inten- 
sity ratios were 1:16 (0-19) and 1 13 (0-16) in 
anterior and inferior wall infarction respec- 
tively, and after Gd-DTPA the intensity ratios 
were 1-62 (0-37) and 1 42 (0-17) respectively 
(both p = NS) (fig 6). 

No differences in intensity ratio were seen 
between angidgraphically documented reper- 
fused and non-reperfused myocardial areas 
after Gd-DTPA. Before Gd-DTPA the inten- 
sity ratios were 1:16 (0:18) and 1-11 (0-15) 
respectively (p = NS), and after Gd-DTPA 
the intensity ratios were 1-51 (0-34) and 1-55 
(0-17) respectively (p = NS) (fig 7). 

Homogeneous contrast enhancement (type 
T) was seen in five (26%) of the 19 patients who 
showed reperfusion and in one (12:5%) of eight 
patients who did not show reperfusion, indicat- 
ing that this criterion has a low sensitivity for 
reperfusion. Although there was inhomogen- 
eous contrast enhancement (type IJ) in seven 
(87:5%) of eight patients without reperfusion, 
this was a non-specific phenomenon because it 
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Figure6 Intensity ratto before and after Gd-DTPA 
administration in relation to infarct sige (inferior versus 
anterior). There was no significant effect of infarct size 
on intensity ratio before or after Gd-DTPA 
administration. Within each group the mtensity ratio 
increased significantly after Gd-DTPA admentstration 
(*p < 0-001). 
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Figure 7 Intensity ratio 

ore and after Gd- 
DTPA adminmstration in 
relation to the affect of 
thrombolysis (reperfusion 
versus non-reperfusion). 
There was no sigmificant 
effect of thrombolysis on 
intensity ratio before or 
after Gd-DTPA 
admumstration. Within 
each group the intensity 
ratto increased 
sigmficantly after Gd- 
DTPA administration 
(*p < 0001). 
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was also seen in 11 (56%) of 19 patients who 
showed reperfusion. 


Discussion 

This study extends our previous findings that 
the contrast agent Gd-DTPA significantly 
improves the detection of infarcted myocar- 
dium on T, weighted spin echo images.'? 6” 
The use of Gd-DTPA as a paramagnetic 
contrast agent for improving the potential of 
magnetic resonance imaging to assess coronary 
artery disease was thoroughly investigated in 
experimental studies". Wesbey et al admin- 
istered Gd-DTPA to dogs 20 minutes after 
coronary artery ligation.” Non-ischaemic 
zones from hearts in dogs injected with Gd- 
DTPA showed significantly shorter relaxation 
times than infarcted zones excised 90 seconds 
after the adminstration of Gd-DTPA. In con- 
trast, five minutes after injection, infarcted 
myocardium showed shortened relaxation 
times while non-infarcted myocardium 
returned to normal values, suggesting early 
accumulation in and clearance from normal 
myocardium and delayed accumulation in and 
clearance from infarcted myocardium. Admin- 
istration of Gd-DTPA considerably shortened 
T, relaxation time in the infarcted areas and so 
enhances the signal intensity in the infarcted 
myocardium. In our study, both visual inspec- 
tion and measurement of signal intensities 
allowed clear delineation of infarcts on the 
post-contrast images. Our study also showed 
increased signal intensity after Gd-DTPA both 
in the infarcted and non-infarcted areas. These 
findings accord with those of Eichstaedt et al 
who used Gd-DTPA to investigate 26 patients 
after a sustained myocardial infarction.'° 
Eleven patients were imaged 5-10 days after 
infarction (designated acute infarcts) and 15 
patients were imaged later. Signal intensity 
within areas of acute infarction was increased 
by an average of 70% compared with the pre- 
contrast images, while the non-infarcted areas 
showed an average increase of 20% after Gd- 
DTPA. In the remaining 15 patients no sig- 
nificant contrast enhancement was seen after 
the administration of Gd-DTPA. Since in 
Eichstaedt et als study the minimum interval 
between the onset of infarction and magnetic 
resonance imaging was five days, it contains no 
data about the most acute phase of infarction.’ 
In a preliminary study at our hospital, five 


patients underwent magnetic resonance imag- 
ing with Gd-DTPA 2-17 days after myocardial 
infarction.” The signal intensity ratio of infarc- 
ted versus normal myocardium was signifi- 
cantly greater after the administration of Gd- 
DTPA than before Gd-DTPA. Moreover, the 
use of Gd-DTPA improved infarct definition 
and obviated the need for the more time-con- 
suming T,-weighted imaging approach. These 
findings were confirmed in 17 patients with 
acute myocardial infarction who showed an 
average increase in signal intensity of 20% in 
normal areas and 45% in infarcted areas,'*” 
Maximal contrast was measured 15-25 minutes 
after the administration of Gd-DTPA. 

A remarkable finding in the present study 
was the significant enhancement of signal 
intensity in the infarcted areas of the patients 
who were studied more than 72 hours after the 
acute event compared with the signal inten- 
sities of those patients who were studied earlier. 
This suggests greater delivery or slower wash- 
out of Gd-DTPA or both in a later stage of the 
infarction process. The supply of Gd-DTPA 
most probably depends on the extent of 
collateral circulation, neovascularisation, and 
on slow wash-out from the infarct zone caused 
by cellular damage. These histopathological 
processes occur later in the course of the 
healing process of the infarction and this may 
explain our findings of increased signal inten- 
sity at that time. Our data are supported by 
those of Rehr et al who showed improved 
detection with Gd-DTPA in experimental 
acute myocardial infarction; this effect was 
more prominent in dogs imaged after 4 or 5 
days than in those imaged after 1 or 2 days.” 
Nishimura et al studied 12 patients with acute 
myocardial infarction by gated magnetic reson- 
ance imaging and Gd-DTPA at four different 
times (on average 5, 12, 30, and 90 days) after 
the acute onset.” The increase of signal inten- 
sity in the infarcted areas was 75%, 83%, 50%, 
and 17% respectively. The normal areas 
showed an average increase of 20% after Gd- 
DTPA on days 5 and 12. 

We found no difference in signal intensity 
between small and large infarcted areas, based 
on a cut off point of 1000 U/l of a hydroxy- 
butyrate dehydrogenase release. Because we 
used only a few slices per magnetic resonance 
imaging, an anatomical assessment of infarct 
size was not performed because the extent of 
infarction can only be assessed by a multislice 
imaging technique encompassing the whole left 
ventricle. We found no difference in signal 
intensity between anterior and inferior infarcts. 

Magnetic resonance imaging with Gd- 
DTPA did not allow the non-invasive iden- 
tification of patients with early reperfusion 
after thrombolytic treatment and those without 
because we were unable to show differences in 
signal intensity or in morphological appearance 
between reperfused and non-reperfused areas. 
Previous experimental data from McNamara et 
al had shown that Gd-DTPA significantly 
shortened T, in myocardial regions with 
irreversible injury, while no differences in 
signal intensity or relaxation times were seen in 
reversibly injured myocardium." Peshock et al 
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showed in dog hearts that contrast enhance- 
ment after Gd-DTPA was considerably aug- 
mented in reperfused myocardium with a 
uniform contrast pattern in reperfused hearts 


and a non-uniform contrast enhancement in 


non-reperfused hearts.” However, it is dif- 
ficult to compare our clinical observations with 
those of earlier experimental studies. ™® 
Peshock et al performed magnetic resonance 
imaging immediately after controlled episodes 
of coronary artery ligation, which in some 
instances were followed by an hour of reper- 
fusion.” In contrast, in our patients the mean 
interval between the onset of infarction and 
magnetic resonance imaging was 93 hours, and 
only one patient could be studied within 24 
hours of acute coronary arteriography. At that 
time the infarct related arteries may be re- 
occluded and it is therefore not known whether 
or not the areas were reperfused during the 
imaging procedure. Unfortunately, we found it 
impracticable to study patients earlier after 
acute coronary arteriography. 

The number of patients without reperfusion 
may have been too small for any differences 
between them and those who had early reper- 
fusion to be statistically significant but it seems 
unlikely that a larger sample size would show 
clinically relevant differences. Been et al found 
no differences in T, values (without the use of 
Gd-DTPA) between patients with reperfusion 
and those without,’ suggesting that alterations 
in T, are compiex and do not reflect specific 
histological findings. Perhaps more accurate 
magnetic resonance imaging measurements of 
infarct size may be helpful in distinguishing 
between reperfused and non-reperfused 
myocardium,“ but appropriate software 
programs have yet to be developed. Further- 
more, determinations of infarct size from the 
cumulative release of a hydroxybutyrate 
dehydrogenase have clearly showed that, 
though the mean infarct size was smaller in 
patients with successful thrombolytic treat- 
ment, there was considerable overlap with 
patients in whom no recanalisation was 
achieved.” In the current study we found no 
significant difference in enzymatically deter- 
mined infarct size. 

Our study shows that Gd-DTPA improves 
the detection.and localisation of infarct zones 
by magnetic resonance imaging by a T, weigh- 
ted spin echo sequence in patients treated with 
thrombolysis for acute myocardial infarction, 
but is of little if any value in the non-invasive 
identification of patients in whom throm- 
bolytic treatment was successful. Our finding 
that maximal contrast enhancement is achieved 
more than 72 hours after the onset of acute 
myocardial infarction is clinically relevant 
because this suggests that Gd-DTPA enhanced 
magnetic resonance imaging studies in patients 
with acute myocardial infarction should be 
delayed until they are beyond the critical phase 
of infarction. 
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Monitoring the effect of heparin by measurement 
of activated clotting time during and after 
percutaneous transluminal coronary angioplasty 


B Rath, D H Bennett 


Abstract 

The anticoagulant effect of heparin dur- 
ing percutaneous transluminal coronary 
angioplasty was monitored by measure- 
ments of the activated clotting time in 
two studies that compared the effects of 
a single bolus of heparin with those of a 
bolus of heparin combined with a contin- 
uous infusion of the drug. In a prelimin- 
ary study 40 patients received a single 
heparin bolus of 10 000 units (protocol D 
and a further 40 patients received both a 
heparin bolus of 10 000 and a continuous 
infusion of heparin at a rate of 2000 units 
per hour (protocol I). During the first 45 
minutes, nine patients (23%) in protocol 
I but only two patients (5%) in protocol 
I were found to be inadequately 
anticoagulated. For 24 hours after angio- 
plasty both groups received an infusion 
of heparin at the rate of 2000 units per 
hour which led to consistent anticoagula- 
tion in 73 (91%) of patients. In a sub- 
sequent randomised study, 40 patients 
received heparin according to either 
protocol I or I. Protocol H was again 
found to lead to a higher rate of adequate 
anticoagulation. During the first 60 min- 
utes 11 patients (55%) in pretocol I but 
only three patients (15%) in protocol I 
were inadequately anticoagulated. In 
addition, the activated clotting time of 
arterial blood in the first 30 minutes was 
significantly higher than that of venous 
blood in 70% of the patients. 

A bolus of heparin (10000 units) 
together with an infusion of 2000 units 
per hour should be routinely given dur- 
ing coronary angioplasty. The effects of 
heparin, which can vary considerably 
from patient to patient, should be mon- 
itored by the measurement of the 
activated clotting time of arterial blood. 


Heparin is administered routinely during 
percutaneous transluminal coronary angio- 
plasty’ in order to prevent thrombus forma- 
tion. Commonly, 10 000 units of heparin is 
given at the start of percutaneous transluminal 
coronary angioplasty and a further 5000 units 
is administered if the procedure lasts for more 
than one hour.? The effects of heparin, 
however, vary considerably from patient to 
patient? so that some may be at risk from 
inadequate anticoagulation. 


The activated clotting time reflects heparin 
activity.* Activated clotting time can be 
rapidly and repeatedly measured in the cath- 
eterisation laboratory by an automated 
instrument. The purpose of this study was to 
investigate the value of measurement of 
activated clotting time during percutaneous 
transluminal coronary angioplasty and to 
attempt to develop a regimen of heparin 
administration that would provide consisten- 
tly effective anticoagulation during the 
procedure. 

Some recommend routine infusion of 
heparin for 24 hours after the procedure to 
prevent thrombus formation at the site of 
dilatation. Others suggest that such infusion 
should be given only when the procedure is 
complicated by coronary artery dissection.‘ 
Many of the complications of percutaneous 
transluminal coronary angioplasty, including 
restenosis, are related to intravascular throm- 
bus formation.’* A subsidiary purpose of this 
study was to try to establish a suitable dosage 
regimen for continuous heparin infusion if 
indicated and also to see whether such a 
regimen had a pronounced effect on the rate of 
coronary restenosis. 


Patients and methods 

Two studies were carried out. In each study, 
patients received either a bolus injection of 
heparin or a bolus of heparin together with a 
continuous infusion. 


PRELIMINARY STUDY 

Observations were made in 80 consecutive 
patients undergoing percutaneous trans- 
luminal coronary angioplasty for stable or 
unstable angina (table). 

The anticoagulant effect of heparin was 
monitored every 15 minutes during percutan- 
eous transluminal coronary angioplasty by 
measurement of the activated clotting time by a 





Patents’ details 
Protocol I Protocol H 
Number of patients 60 60 
Age (yr) 40-63 
(mean 58) (mean 54) 
Sex 
Male 38 40 
Female 22 20 
Type of angina. 
Stable 42 48 
Unstable 18 12 


a 


a 


Monitoring the effect of heparin during and after coronary angioplasty 


Hemochron blood coagulation timing system 
(International Technidyne Corporation, New 
Jersey, USA). Blood samples were collected 
from the angioplasty guiding catheter after 
aspiration of 6 ml of blood. Whole blood (2 ml) 
was placed in a Hemochron test tube contain- 
ing 12 mg of Celite and a cylindrical bar 
magnet. The test tube was shaken vigorously 
ten times and was placed in the instrument’s 
incubated test well, which has a magnet detec- 
tor at its base. The temperature was maintained 
at 37°C by the incubator. The cylindrical bar 
magnet remained close to the detector as the 
tube slowly rotated. When a fibrin mass for- 
med, its adhesion to the magnet and a plastic 
structure within the tube caused the magnet to 
rotate with the tube. The magnet was thereby 
displaced from its initial position adjacent to 
the detector. This activated the timer and an 
audible tone signalled this end point. The 
coagulation time was displayed in seconds. 

The effective anticoagulation was defined as 
an activated clotting time of > 250 s. 

The first 40 patients received a single bolus 
of 10 000 units of heparin at the start of the 
procedure (protocol I). The bolus of heparin 
was administered through a sheath in the 
femoral artery which was then flushed with 10 
ml of saline. ‘The second group of 40 patients 
received 10000 units of heparin as a bolus 
injection immediately followed by continuous 
infusion of heparin 2000 units per hour 
(protocol II). If the activated clotting time fell 
below 250 s an additional bolus of 5000 units of 
heparin was given. 

For 24 hours after percutaneous trans- 
luminal coronary angioplasty had been com- 
pleted both groups received a continuous 
infusion at a rate of 2000 units per hour. 
Activated clotting time was measured at 
intervals over 24 hours on at least four 
occasions. 


RANDOMISED STUDY 

In a subsequent study, a further 40 patients 
(table) were randomised to receive heparin 
according to either protocol I or II. In this 
study, the route of heparin administration was 
randomised so that the drug was given through 
a sheath in either the femoral vein or in the 
femoral artery. The anticoagulant effect of 
heparin was monitored every 15 minutes for 60 
minutes. Samples were collected, after aspira- 
tion of 6 ml of blood, from both the guiding 
catheter in the aorta and the sheath in 
the femoral vem. Both the venous and 
arterial activated clotting time measurements 
were assessed simultaneously. A HemoT'ec 
(Colorado, USA) machine was used to facilitate 
simultaneous activated clotting time measure- 
ments of two blood samples. 

Like the Hemochron machine, the HemoTec 
blood coagulation timing system also detected 
in vitro clot formation. One ml blood was 
collected in cartridges containing the reagent 
(0-1 ml of kaolin activator) and a plunger. The 
machine was operated by dropping the plunger 
through the test sample at programmed 
intervals. When clotting occurred, the clot 
retarded the fall of the plunger and this was 
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detected photo-optically. An audible tone sig- 
nalled the end point. 

To assess the variability in activated clotting 
time measurements, duplicate samples were 
obtained five minutes apart from 10 other 
patients. The samples were analysed by a single 
operator (five patients) and two operators (five 
patients) using the Hemochron machine. 


Results 

PRELIMINARY STUDY 

Activated clotting time values (protocol I and II) 
Of those patients receiving heparin according 
to protocol I, six, two, and one patients were 
inadequately anticoagulated at 15, 30, and 45 
minutes, respectively. Whereas only two 
patients were inadequately anticoagulated by 
protocol J (at 30 and 45 minutes). Thus nine 
(23%) patients in protocol I and two (5%) 
patients in protocol II were inadequately 
anticoagulated and required further doses of 
heparin. 


Activated clotting tıme values during continuous 
heparin infusion after angioplasty 

During the continuous intravenous heparin 
infusion after completion of percutaneous 
transluminal coronary angioplasty, most 
patients achieved a steady activated clotting 
time value; however, seven (9%) patients were 
inadequately anticoagulated. Their heparin 
dosage was not altered. The incidence of re- 
stenosis in those who were adequately 
anticoagulated was 28%, similar to our 
previous 80 consecutive patients undergoing 
angioplasty and to restenosis rates reported in 
many other reports. 


RANDOMISED STUDY 

Activated clotting time values (protocol I and If) 
Figures | and 2 show the activated clotting time 
values in arterial blood of patients receiving 
heparin according to protocols I and IJ. In 
patients receiving heparin according to 
protocol I, three, one, two, and five patients 
were inadequately anticoagulated at 15, 30, 45, 
and 60 minutes, respectively. Whereas in 
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Figure 1 Activated clotting time in patients receiving a 
single bolus of 10 000 umts of heparin at the start of the 
procedure (randomised study). 
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Figure 2 Actrvated 
clotting time in patients 
receiving 10 000 umts 
heparin as a bolus followed 
by continuous infusion of 
2000 units per 
(randomised study). 


Figure 3 Activated 
clotting time in arterial 
and venous blood. 
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protocol II, three patients were inadequately 
anticoagulated at 15, 45, and 60 minutes. Thus 
11 (55%) patients in protocol I and three (15%) 
patients in protocol II required additional 
doses of heparin. 


Arteriovenous activated clotting time difference 
Figure 3 shows the mean arterial and venous 
activated clotting time values measured every 
15 minutes in the 40 patients who were ran- 
domised to protocol I and II. In 28 patients 
(70%) the arterial activated clotting time values 
were markedly higher during the first 30 min- 
utes. 


Complications 

Several patients bled slightly around the sheath 
in the femoral artery during the 24 hour 
heparin infusion but did not require any 
therapeutic intervention. One patient bled 
profusely from around the arterial sheath dur- 
ing continuous heparin infusion and required 
blood transfusion. Her activated clotting time 
varied from 250 to 300 s. 


Factors affecting heparin activity 
Body weight, surface area, age, and sex did not 
affect the level of anticoagulation. 


Variability 
The variability in activated clotting time 
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measurement was <8% when two duplicate 
samples were analysed by a single operator and 
<10% when they were analysed by two 
operators. 


Discussion 

Before we started the present study two of our 
patients had developed acute coronary 
occlusion during angioplasty of the left anterior 
descending artery and both had to undergo 
urgent coronary artery bypass surgery. 
Thrombi were found not only at the site of 
balloon inflation but also in the left circumflex 
artery. Both the patients had received 10 000 
units of heparin but were found to be 
inadequately anticoagulated (activated clotting 
time <200 s). This led us to monitor heparin 
induced systemic anticoagulation during 
angioplasty. 

Heparin binds to circulating antithrombin 
III. The resulting complex inhibits thrombin 
and other coagulation factors. Heparin 
prevents thrombin from inducing platelet 
aggregation and is also believed to have a 
fibrinolytic action.’ 

The mean half life of heparin activity has 
been reported as being between 60 and 90 
minutes.’°" In 1975, Bull et al using manual 
measurement of activated clotting time repor- 
ted that the individual sensitivity to heparin 
varied threefold and heparin half life varied 
fourfold.” Our results confirm the wide varia- 
tion in sensitivity to heparin and in the duration 
of effective anticoagulation. This may be 
because of individual differences in heparin 
clearance or variations in concentrations of 
circulating coagulation factors such as anti- 
thrombin III, platelet factor 4, and heparin 
neutralising proteins. 

It is common practice to give 10 000 units of 
heparin before percutaneous transluminal 
coronary angioplasty and a further 5000 units if 
the procedure extends beyond one hour.’ 
Heparin administered according to this 
protocol, however, will leave a significant num- 
ber of patients inadequately anticoagulated, 
exposing them to the risk of thrombotic com- 
plications. One study has shown that 73% of 
coronary artery occlusions were related to 
ineffective anticoagulation.” _Hollman et al 
reported that 85% of acute occlusions occurred 
at the time of diminishing anticoagulation.” 
Though both studies refer to acute occlusion 
after leaving the catheter laboratory, the results 
show the importance of adequate anticoagula- 
tion. 

Our results show that to maintain effective 
anticoagulation during percutaneous trans- 
luminal coronary angioplasty, systemic 
anticoagulation induced by heparin should be 
monitored. There is controversy about the 
optimal in vitro test for monitoring heparin 
treatment. The consensus is that the degree of 
prolongation of anticoagulation effect gives a 
better assessment than heparin concentration, 
because the heparin effect reflects the balance 
between the direct action of the drug on 
clotting factors and the ability of other substan- 
ces to potentiate or antagonise it. 


Momtoring the effect of heparin during and after coronary angioplasty 


The tests that are commonly used are whole 
blood clotting time, activated clotting time, and 
activated partial thromboplastin time. Each 
test has its drawbacks. Whole blood clotting 
time is. time-consuming and there is lack of 
reproducible results." Activated partial throm- 
boplastin time is a popular laboratory test and 
is considered to be sensitive but it is time 
consuming and cannot be easily performed in 
the catheterisation laboratory. Furthermore, 
its relation to the heparin concentration is 
linear only over a small heparin dosage range." 
The result also varies according to the reagent 
and instrument used.” 

We found the automated activated clotting 
time (Haemochron and HemoTec) tests sim- 
ple, inexpensive, and easy to use. They gave 
reproducible results. Tests performed on 
whole blood have two advantages. They can be 
performed quickly and they reflect the anti- 
heparin activity of the platelets. Both produced 
results rapidly enough for the titration of 
heparin in the catheterisation laboratory or 
coronary care unit. 

Bull et al recommended that the activated 
clotting time during cardiopulmonary bypass 
should be maintained at > 300 s to avoid clot 
formation.’ Young et al reported that activated 
clotting time should be maintained at > 400 s to 
prevent microemboli in the extracorporal cir- 
culation. Schriever et al found that the 
activated clotting time gave a strong linear 
correlation with blood heparin concentration 
unlike the activated partial thromboplastin 
time. They concluded that an activated clotting 
time value between 1-6 and 2-2 times baseline 
provides effective anticoagulation.” We 
arbitrarily chose to maintain our patients’ 
activated clotting time at > 250 s, which was 
> 2-5 times the baseline in most patients. We 
chose this value because we thought that 
patients undergoing percutaneous trans- 
luminal coronary angioplasty require less 
heparin than patients on cardiopulmonary 
bypass but they need sufficient heparin to 
prevent thromboembolism. 

Heparin, in addition to preventing thrombus 
formation, inhibits platelet to platelet interac- 
tion and has also been-shown experimentally to 
suppress the smooth cell proliferation, which 
contributes to the phenomenon of restenosis." 
We continued heparin infusion for 24 hours 
after percutaneous transluminal coronary 
angioplasty to assess its effect on restenosis. 
The results showed no significant reduction in 
the incidence of restenosis in the patients who 
were adequately anticoagulated compared with 
our previous 80 consecutive patients undergo- 
ing angioplasty or compared with reported 
rates of restenosis. 

In the subsequent study we- found that the 
activated clotting time values of arterial blood 
were considerably higher than those of venous 
blood. We do not think that intermittent flush- 
ing of the arterial line with saline containing a 
very small amount of heparin (approximately 
30-40 mi saline containing <200 units of 
heparin) explains the difference. The differen- 
ces may be either related to heparin metabolism 
or possibly to the anticoagulant effect of the 
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contrast media. Our present knowledge of 
heparin metabolism is insufficient and further 
studies are necessary to explain the dis- 
crepancy. We recommend activated clotting 
time monitoring of the arterial blood collected 
from the guiding catheter because this is more 
likely to reflect the level of anticoagulation at 
the site of angioplasty. 

Heparin is obtained commercially from por- 
cine intestinal mucosa or bovine lungs. The 
activities of these two preparations are iden- 
tical." We used heparin obtained from porcine 
intestinal mucosa. 

We conclude that a bolus of 10 000 units of 
heparin together with an infusion of 2000 units 
per hour resulted in adequate anticoagulation 
in most patients. Activated clotting time should 
be monitored in all patients to identify those 
who may be at higher risk of thromboembolic 
complications because of inadequate anti- 
coagulation. Arterial values of activated clot- 
ting time are likely to be higher than venous 
measurements. A large study is necessary to 
validate the clinical effectiveness of adequate 
heparin anticoagulation. 
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Effects of food on the central and peripheral 
haemodynamic response to upright exercise in 


normal volunteers 


JJ Yi, L Fullwood, K Stainer, A J Cowley, J R Hampton 


Abstract 

The central and peripheral haemo- 
dynamic effects of a modest meal were 
investigated in healthy volunteers at rest 
and in response to submaximal exercise. 
The meal increased heart rate, cardiac 
output, oxygen consumption, carbon 
dioxide production, and minute ventila- 
tion at rest and during exercise. The 
effects of food were additive to those 
induced by the exercise. Food had no 
effect on limb blood flow and lowered 
total systemic vascular resistance sugges- 
ting that there were no compensatory 
changes in regional blood flow to help 
redirect blood to the gut. 

An increase in cardiac output, and 
therefore myocardial work, is the 
predominant cardiovascular response to 
eating and this may help explain the 
postprandial deterioration in symptoms 
of some patients with cardiovascular dis- 
orders. 


The distribution of cardiac output to the main 
vascular beds of humans is unequal; at rest 
25% is delivered to the splanchnic bed, 20% to 
skeletal muscle and the kidneys, 12% to the 
brain, 9% to the skin, and 4% to the heart.! 
The increased demand of metabolically active 
tissue in response to emotional or physical 
stress can be met by an increase in cardiac 
output, a redirection of regional blood flow, or 
by both these mechanisms. The changes in 
regional blood flow are likely to be complex but 
are often predictable. In response to upright 
exercise cardiac output increases to augment 
blood flow to the exercising skeletal muscle of 
the calf and blood is redirected away from the 
non-exercising forearm further to help this 
increase in calf blood flow.? Knowledge of 
these complex changes is important for our 
understanding of how exercise may aggravate 
the symptoms of patients with cardiovascular 
disease. 

Eating is another common but less well 
recognised cause of stress. The first report that 
food increases cardiac output came in 1929? but 
it was surprisingly difficult to reproduce this 
observation.** Intuitively, you might expect 
that the increased requirement for gut blood 
flow after a meal would be partly met by an 
increase in cardiac output and partly by a 
redistribution of blood flow from other vas- 
cular beds, but surprisingly little is known 
about the changes in regional blood flow after 
food. 


Because eating can also worsen the symp- 
toms of patients with certain cardiovascular 
diseases, particularly angina, it is important to 
examine its effects on cardiac output and 
regional blood flow in association with exer- 
cise. 


Patients and methods 

VOLUNTEERS 

Ten (eight men) healthy volunteers took part in 
the study. They were aged 20-41 years. All 
denied any symptoms suggestive of cardio- 
vascular disease and all had a normal physical 
examination. All gave informed consent and 
the study fulfilled the requirements of the local 
ethics committee. 


METHODS 

All measurements were carried out in a tem- 
perature controlled room of 24-25°C, The 
volunteers were familiarised with the experi- 
mental techniques on at least one occasion 
before the study. 

They fasted from 12 midnight the day before 
the study. All rested in the laboratory for at 
least 30 minutes on the morning of the study 
before cardiac output and limb blood flow at 
rest were measured. The exercise test was then 
performed and cardiac output and oxygen 
consumption were measured. Immediately 
after the end of exercise measurements of limb 
blood flow were repeated. 

Thirty minutes after the first exercise test the 
volunteers were given a standard meal of 
1400 kcal (5-88 MJ) and 30 minutes after this 
the measurements of cardiac output and limb 
blood flow at rest were repeated. We have 
previously shown that 60 minutes’ rest is 
sufficient time for values to return to normal.’ 
Volunteers then performed a second exercise 
test with measurements being made in the same 
way as in the first test. 


EXERCISE TESTING 

This was performed with a modified Bruce 
protocol. The speed and slope Of the treadmill 
were increased after three minutes of stages IT 
and IV and four minutes of the other stages to 
allow sufficient time for cardiac output to be 
measured. 


Stage I II Il IV Vv 
Speed (km/h) 27 27 27 27 40 
Slope? 0 1:3 2°6 43 5-4 


An electrocardiogram was monitored con- 
tinuously and arterial blood pressure was 
measured at rest and during exercise with a 
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Figure 1 Mean (SEM) 
values of heart rate at rest 
and during exercise in 
Fasting volunteers and 
after the meal 

{p < 0-0001) 


Figure2 Mean (SEM) 
values of (a) systole and 
(b) diastolic blood pressure 
at rest during exercise 
an fasting volunteers and 
after the meal 

{p = 0-1442 for systolic 
and p = 01169 for 
diastolic pressure). 


140 


120 
T 100 
E 
3 
F 80 
$ 60 
uo 
O Fasting 
20 @ After meal 
0 


St Stand I u n IV y 
Exercise stoge 


sphygmomanometer (diastolic pressure taken 
at phase V). 


MEASUREMENTS OF CARDIAC OUTPUT 

Cardiac output was measured by the indirect 
Fick principle with carbon dioxide.” Gas 
analysis was made with a mass spectrometer 
(VG Medical Systems). Carbon dioxide pro- 
duction was calculated from minute ventilation 
and mixed expired carbon dioxide concentra- 
tion. Pulmonary venous carbon dioxide partial 
pressure (that is systemic arterial carbon diox- 
ide partial pressure) was derived from end tidal 
carbon dioxide partial pressure, and mixed 
venous carbon dioxide partial pressure was 
estimated from a rebreathing manoeuvre. 
Volunteers hyperventilated into an anaesthetic 
bag containing a mixture of oxygen and 8-10% 
carbon dioxide. When a carbon dioxide con- 
centration, measured at the mouth, reached a 
plateau there was no net exchange of carbon 
dioxide across the lungs and this plateau value 
is related to mixed venous carbon dioxide 
partial pressure. These variables can then be 
used in the Fick equation to calculate cardiac 
output. Cardiac output was measured sitting 
and standing and at the end of stages I, III, and 
V of the treadmill protocol. Systemic vascular 
resistance was calculated by dividing mean 
arterial blood pressure (2/3 diastolic + 1/3 
systolic) by cardiac output. 


MEASUREMENT OF OXYGEN CONSUMPTION 
Systemic oxygen consumption was calculated 
from minute ventilation and the difference 
between mixed expired oxygen concentration 
and atmospheric oxygen. Measurements were 
made at the same times as cardiac output. 
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MEASUREMENT OF LIMB BLOOD FLOW 

Forearm and calf blood flow were measured 
simultaneously by venous occlusion plethys- 
mography with mercury in silastic strain 
gauges.’ Measurements were made at rest 
before each exercise test and from 3—13 minutes 
after the end of each test.’ 


STATISTICAL ANALYSIS 
This was performed by analysis of variance for 
repeated measures. 


Results 

HEART RATE AND BLOOD PRESSURE 

Figure | shows the effects of the meal on mean 
(SEM) values of heart rate at rest and during 
exercise. The meal increased heart rate 
measured with the volunteers sitting from 62 
(2:76) to 72 (3-31) beats/minute and this level of 
increase was maintained throughout exercise 
(p < 0-0001). At the end of stage V the 
preprandial heart rate was 116 (3-40) compared 
with a value of 130 (3-42) beats/minute after the 
meal, 

Figure 2 shows the effect of food on mean 
(SEM) values of systolic and diastolic blood 
pressure at rest and during exercise. There was 
a trend to a greater increase in systolic blood 
pressure during exercise and a fall in diastolic 
pressure, but neither of these reached statistical 
significance (p = 0:1442 for systolic pressure 
and p = 0:1169 for diastolic blood pressure). 


CARDIAC OUTPUT 

Figure 3 shows the effect of food on cardiac 
output at rest and on the changes in cardiac 
output induced by exercise. Cardiac output 
measured when the volunteers were sitting 
increased from a mean (SEM) fasting value of 
4-45 (0-18) to 5-72 (0-22) l/min after the meal 
and at the end of stage V the fasting value was 
12-70 (0-60) compared with a postprandial 
value of 14-10 (0-64) l/min (p < 0-0001). 


OXYGEN CONSUMPTION, CARBON DIOXIDE 

PRODUCTION, AND MINUTE VENTILATION 

Figure 4a shows the mean (SEM) values of 
systemic oxygen consumption at rest and 
during exercise before and after the meal. 
Oxygen consumption in the volunteers sitting 
was 3-52 (0-15) ml/kg/minute and increased to 
18-06 (0 69) ml/kg/minute at stage V of the 
protocol with the subjects fasting. After the 
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Figure 3 Mean (SEM) 
values of cardiac output at 
rest and during exercise tn 
fasting volunteers and 
after the meal 

(p < 0-0001). 


Figure4 (a) Mean 
(SEM) values of systemic 
oxygen consumption at rest 
and during exercise in 
Faino velada and 
after the meal 

(p = 0:0041). (b) Mean 
(SEM) values of minute 
ventilation at rest and 
during exercise in fasting 
volunteers and after the 
meal (p = 0-0002). 


Figure5 Mean (SEM) 
values of (a) forearm and 
(b) calf flow at rest 
and 3-13 minutes after 
exercise tn fasting 
volunteers and after the 
meal (p = 0 20 for 
forearm and p = 0'22 for 
calf blood flow). 
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meal oxygen consumption increased sig- 
nificantly (p = 0-0041); the value when sitting 
was 4-48 (0-26) mi/kg/minute increasing to 
18-84 (0-59) ml/kg/minute at stage V of the 
exercise protocol. 

In association with this, carbon dioxide 
production was also increased postprandially 
(p < 0-001). The mean value before the meal 
in sitting volunteers was 2-93 (0-31) ml/kg/min; 
this increased to 15-91 ml/kg/min at stage V of 
the protocol and after the meal the sitting value 
had increased to 4-04 (0-25) and the value at 
stage V of the exercise protocol to 17-59 (0-50) 
ml/kg/min. 

Figure 4b shows that the meal increased 
minute ventilation at rest and during exercise 
(p = 0:0002). Mean values of minute ventila- 
tion at rest and during stage V of the protocol 
increased from 6-51 (0-40) and 23-69 (1-07) 1/ 
min preprandially to 8-61 (0:43) and 26:82 (1-0) 
l/min after food. 
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LIMB BLOOD FLOW 

Figure 5 shows the changes in forearm and calf 
blood flow at rest and 3-13 minutes after 
exercise. Exercise caused the expected increase 
in calf blood flow and decrease in forearm 
blood flow. Resting limb blood flow was 
increased by food—in the calf from 3-34 (0-48) 
to 3-71 (0-37) ml/100-mi/minute and in the 
forearm from 2-97 (0-24) to 3-38 (0-23) ml/100 
mi/min. Although the meal had no significant 
effect-on blood flow after exercise (p = 0-22 for 
calf and p = 0-20 for forearm) it was always 
slightly higher postprandially. 


SYSTEMIC VASCULAR RESISTANCE 

Figure 6 shows the changes in systemic vas- 
cular resistance at rest and during exercise. 
Mean systemic vascular resistance in the 
volunteers when sitting was lower after a meal 
(14-09 (0-41) units) than when the volunteers 
were fasting (18-79 (0-55) units). Throughout 
exercise total systemic vascular resistance was 
also lower after eating (p < 0:001). 


Discussion 

We found that a modest meal had considerable 
effects on the circulation and on the metabolic 
requirements of the body as measured by 
respiratory gas ‘exchange. Furthermore, in 
response to exercise these changes persist and 
are additional to those produced by exercise. 
The changes are likely to be interrelated and 
may help to explain why some cardiovascular 
diseases are aggravated by eating. 

The digestion and absorption of food is a 
metabolically. active process that requires an 
increased delivery of oxygen to the gut. Eating 
a meal is undoubtedly associated with a higher 
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Figure6 Mean (SEM) 
values for systemic 
vascular resistance at rest 
and during exercise in 
fasting volunteers and 
after the meal 

(p < 0-001). 
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blood flow to the gut’ but precisely how this is 
achieved is not clear. Cardiac output could 
increase or blood flow could be directed away 
from other vascular beds. In this study, resting 
cardiac output increased but this was not 
accompanied by a reduction in blood flow to 
the limbs. Also, because total systemic vascular 
resistance fell it is unlikely that blood was 
directed away from other vascular beds by local 
vasoconstriction. Therefore, the increased 
blood flow requirement of the gut after food is 
met at rest by an increase in cardiac output and 
there is no evidence of redirection of blood flow 
from other vascular beds. 

The changes during exercise are, surpris- 
ingly, similar and suggest that the cardio- 
vascular effects of food are additive to those of 
exercise. We might have expected that the 
demand of exercising skeletal muscle would 
have been greater than that of the gut and that 
the increased blood flow to the gut after food 
would have been reduced during exercise to 
enhance delivery of blood to the calf. But this 
redirection did not occur, at least during sub- 
maximal exercise, and this imposes a greater 
workload on the myocardium to maintain a 
higher cardiac output. 

The mechanism responsible for these 
changes is not absolutely clear. It has been 
suggested that they may be caused by increased 
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activity of the sympathetic nervous system!’ 
and this would certainly fit with the changes in 
blood pressure and heart rate that we and 
others have reported.” Whatever the mechan- 
ism eating is a stressful activity and monitoring 
of respiratory gases indicates that it imposes an 
increased metabolic demand on the body. The 
increased oxygen consumption we have shown 
is not inconsiderable and matches the changes 
in cardiac output. The greater carbon dioxide 
production and minute ventilation also corre- 
sponds to the haemodynamic changes and this 
implies that the metabolic demands of the gut 
in response to food are the cause of the cardio- 
vascular changes. 

In view of the changes we have described it is 
surprising that more patients with cardiovas- 
cular diseases such as angina or heart failure, 
whose symptoms are caused either by increased 
myocardial work or a limited ability to increase 
cardiac output, do not describe a deterioration 
of their symptoms after a meal. 
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Short term haemodynamic effects of converting 
enzyme inhibition before and after eating in 
patients with moderate heart failure caused by 
dilated cardiomyopathy: a double blind study 


Bo Herrlin, Christer Sylvén, Olof Nyquist, Olof Edhag 


Abstract 

The haemodynamic changes that follow a 
meal can mimic the response to a 
vasodilator drug. To avoid overestimat- 
ing the beneficial effects of treatment in 
uncontrolled studies, measurements of 
haemodynamic function are usually 
performed with patients in the fasting 
postabsorptive state. But such recordings 
are not representative of the resting 
patient during daily life. In this double 
blind placebo controlled study the short 
term haemodynamic effects of enalapril 
were assessed during 12 hours in 19 
patients with moderate heart failure 
caused by dilated cardiomyopathy. The 
patients ate lunch and dinner and were 
studied in the absorptive and postabsorp- 
tive phases. In the placebo group systemic 
vascular resistance, mean arterial pres- 
sure, and the rate-pressure product fell 
significantly (5-16%) after lunch. Four 
hours after lunch the haemodynamic 
function had returned to baseline—that 
is the postabsorptive state. Enalapril, 
accentuated the haemodynamic effects 
during the absorptive state producing a 
larger post-prandial fall in mean arterial 
blood pressure and _ rate-pressure 
product and changes in the absorptive 
phase were maintained into the post- 
absorptive phase. Pulmonary wedge 
pressure fell significantly after treatment 
with enalapril. These overall changes 
during the study period indicated that 
enalapril reduced the preload and after- 
load on the heart—over and above the 
reduction produced by eating. 

These findings suggest that the effects 
of enalapril given at rest to patients with 
moderate heart failure unload the heart 
and enhance the reduction of afterload 
induced by meals. 


The haemodynamic effects of drugs are usually 
studied in fasting patients. Such recordings do 
not represent the effects in resting patients who 
are eating normally. Splanchnic vasodilatation 
in the absorptive phase may change central 
haemodynamic function!" by reducing the sys- 
temic afterload. 

Activation of the renin-angiotensin system, 
which increases systemic vascular resistance,* 
is an important compensatory mechanism in 
treated heart failure. Angiotensin-converting 


enzyme inhibitors cause systemic vasodilata- 
tion and reduce the load on the heart.*° In heart 
failure such drugs may enhance the haemo- 
dynamic effects seen in the absorptive phase. 
We investigated the complex haemodynamic 
effects of enalapril and eating and absorption in 
a double blind, controlled, randomised study in 
a homogeneous group of patients with treated 
moderate heart failure caused by dilated 
cardiomyopathy. We studied the angiotensin- 
converting enzyme inhibitor, enalapril, 
because its bioavailability was reported not to 
be influenced by food intake’ and because a 
single oral dose gives therapeutic serum con- 
centrations throughout a 12 hour study period. 


Patients and methods 

PATIENTS 

We studied 19 patients (16 men and three 
women (41-62 years old (mean (SD)) 51 (6) 
years)), with moderate heart failure caused by 
dilated cardiomyopathy, which was treated 
with digoxin and frusemide. None of the 
patients had oedema and all had been clinically 
stable for at least two weeks. Inclusion criteria 
were an echocardiographically determined left 
ventricular end diastolic dimension of >30 
mmm’, a left ventricular shortening fraction of 
<20%, and an exercise capacity of > stage III 
and <stage IX according to a revised Naugh- 
ton protocol. We excluded patients with 
primary valve disease, suspected ischaemic 
heart disease, or congenital valve disease; those 
taking concomitant vasodilating agents; and 
those with right sided heart failure caused by 
pulmonary disease. The study protocol was 
approved by the local ethics committee. All 
patients gave their informed consent before 
entering the study. 


PROTOCOL 

The patient was admitted to hospital and 
served meals containing a known concentration 
of sodium. The daily doses of digoxin and 
frusemide remained unchanged. On the first 
day the blood volume was determined and 
echocardiography, a chest x ray, and an exer- 
cise test were performed. Serum albumin 
labelled with iodine-131 was used to measure 
the total blood volume. 

Echocardiography was performed on 
patients in the left lateral position (ATL Mark 
IH, 13mm and 3 MHz transducer). The 
transducer position and cardiographic gain 
were adjusted to obtain optimal recordings of 
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left ventricular dimensions in the short axis. 
We measured the left ventricular end diastolic 
diameter (LVEDD) and left ventricular end 
systolic diameter (LVESD).’® The mean value 
for five consecutive beats was calculated. The 
left ventricular shortening fraction was derived 
from the difference between LVEDD and 
LVESD divided by LVEDD. 

Cardiac volume was measured radiologically 
by Jonsell’s method.’° Patients performed the 
exercise test sitting on an electrically braked 
ergometer. The load was increased every two 
minutes according to a modified Naughton 
protocol’; 

Stage I II IM IV V VI VII VIII IX 
W 1020 30 50 70 90 110 130 150 


The patients exercised until limiting symp- 
toms developed—-that is dyspnoea or fatigue or 
both. 

On the third day at 5.30 am the patient was 
given a light breakfast and his or her daily dose 
of digoxin and frusemide. The right ventricle 
was catheterised at 8am. A triple lumen 
balloon tipped thermodilution catheter 
(Edwards Laboratory, USA) was introduced 
via an antecubital or femoral vein under 
fluoroscopic guidance and was used to measure 
the right atrial, pulmonary arterial, and 
pulmonary capillary wedge pressures. A poly- 
ethylene arterial catheter was introduced into 
the brachial or femoral artery to measure 
systemic pressure. The patient was placed in 
bed and transported to the coronary care unit 
for haemodynamic monitoring for 12 hours 
after two hours of rest. We used Hewlett- 
Packard transducers (HP 1290) and a Hewlett- 
Packard patient monitoring system (Model HP 
78342A). All haemodynamic measurements 
were done by the same physician (BH). The 
measurements of haemodynamic function were 
made with the zero reference level at the 
midaxillary line with the patient supine and the 
bed in a horizontal position. Before each 
haemodynamic measurement we checked that 
the zero transducer pressure was the same 
as atmospheric pressure; calibration scales 
were displayed electronically. Cardiac output 
was measured by a bedside cardiac output 
computer (Cardiac Computer, Edwards 
Laboratories, model 9520) with the use of an 
iced injectate. Heart rate was derived from a 
continuously recorded electrocardiogram. The 
patients were randomised double blindly to 
enalapril 10 mg or placebo, and drugs were 
given at 0 hours. Recordings were made at 0, 1, 
2, 3, 4, 5, 6, 8, and 12 hours. The patients ate 
portions of meals of their own choice after one 
and five hours. Snacks and coffee or tea were 
not allowed but water was available. 

Serum concentrations of enalaprilat were 
measured by radioimmunoassay." 


ANALYSES 

Mean right atrial pressure (RAP), mean 
pulmonary artery pressure (MPAP), mean pul- 
monary capillary wedge pressure (PCWP), 
systolic systemic arterial pressure (SAP), and 
mean systemic arterial pressure (MAP) were 
measured by electronic integration. The mean 
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of at least six determinations was calculated; 
each was the average for 12 seconds. Cardiac 
output (CO) was determined in triplicate. 
Heart rate (HR) was determined for one min- 
ute. Derived haemodynamic variables were 
calculated as follows: 
Cardiac index (CI) (1/min/m?) = CO/ 
body surface area 
Stroke volume index (SVI) (ml/beat/m”) = 
CI/HR 
Systemic vascular resistance (SVR) 
(dyn.s.cm”) 
= 80 x (MAP-RAP)/CO 
Pulmonary vascular resistance (PVR) 
(dyn.s.cm™”) = 80 x (MPAP-PCWP)/CO 
Rate-pressure product (RPP) (beats.mm Hg 
min) = HR x SAP 


STATISTICAL ANALYSIS 

Values are given as means (SD). Unpaired t 
tests were used to evaluate differences between 
two groups. Multiple comparisons of repeated 
measurements were tested by analysis of 
variance and Fisher’s protected least square 
significance test. A p value of <0-05 was 
regarded as significant. 


Results 

Ten patients were randomly allocated to 
enalapril and nine to placebo. One patient 
became symptomatically hypotensive six hours 
after administration of enalapril and was suc- 
cessfully treated with an infusion of saline. 
This patient was excluded from further study. 
The remaining 18 patients completed the study 
without complications. 

Table 1 shows the clinical characteristics and 
non-invasive findings. The mean heart volume 
and the daily dose of frusemide were signifi- 
cantly larger in the group receiving enalapril 
than in the placebo group (p < 0-05). Other 
characteristics were similar in the two groups. 
All patients had concentrations of serum 
sodium within the normal range. 

There were no significant differences in 
haemodynamic variables between the two 
groups at baseline (0 hour, table 2). 


Table 1 Chmcal characteristics, non-invasive findings, 
blood volume, and serum sodium 


Placebo group Enalapril group 
p value 





(n= 9) (n= 9) 

Age (yr) 53 (3) 50 (7) NS 
Sex (F/M) 2/7 1/8 NS 
Duration of symptoms 

(mnth) 21 (12) 41 (30) NS 
Frusemide dos 

(mld) (45) 158 (65)  <005 
ECG (AF/SR) 2/7 NS 

ercise duration (8) 701 (93) 692 (173) NS 
Chest x ray, heart 

volume (ml/m*) 712 (144) 872 (168) <0 05 
Echocards h 

LVEDD (mm/m^) 37 5) 39 (3) NS 

FS (%) l1 4) 11 (3) NS 
Blood volume (1) 58 (14) 63 13) NS 
Serum sodium (mmol/l) 140 (2) 142 (2) NS 





AF, atnal fibrillanon; FS, left ventricular fractional shortening; 
LVEDD, left ventricular end diastolic diameter, SR, sinus 
rhythm 


28 Herrlin, Sylvén, Nyquist, Edhag 

Table 2 Haemodynamic measurements (mean (SD) ) in the placebo and enalapril groups 

Placebo group 

Baseline Absorptrve phase Postabsorptrve phase 

Oh 2h 3h 5h 
HR 82 a4 81 ay 82 (8) 83 è az 
RAP 4 3) 5 3 5 (4) 5 (4)* 
MPAP 20 (8) 19 (6) 19 es 21 S) 

ll (8) 10 1) 10 (6 12 (8. 

MAP 85 (9) 81 (9)* 80 2)* 84 {10) 
CI 25 g 5) 28 (0 5)** 27 (0 6)* 2:5 6) 
SVI 31 8) 35 (8)*** 33 (9) 9) 
SVR 1402 (308) 1176 (245)** 1194 (230)*** 1371 oe 
PVR 159 (37) 144 (38) 136 ed 158 (53 
RPP 9422 (1729) 8914 (1567)* 8915 (1605)* 9227 (1621) 


Statstical differences within groups compared with baseline are indicated as *p < 005, **p < 001, ***p < 0001 
Statistical differences in changes from baseline between groups are indicated as tp < 005, ftp < 0 01. 
HR, heart rate (beats/min); RAP, rigtit atrial pressure (mm Hg), MPAP, mean pulmonary artery presure (mm Hg); PCWP, pulmonary capillary 


wedge pressure (mm Hg), MAP, mean 


pressure (mm 


g); CI, cardiac index (i/min/m*), S 


» stroke volume index (ml/m*), SVR, systemic 


vascular resistance (dyn.s cm”), PVR, pulmonary vascular resistance (dyn.s.cm™), RPP, rate-pressure product (beats. mm Hg/min) 


Figure 1 Mean (SD) 
and tndtvidual changes 
(mean at baseline and at 
two hours (one hour after 
the first meal) ) in the 
placebo group. See table 2 
Jor abbreviations. 


HAEMODYNAMIC FUNCTION BEFORE AND AFTER 
MEALS IN THE PLACEBO GROUP 
After the first meal (lunch), haemodynamic 
changes were greatest two and three hours after 
the start of the study (one and two hours after 
the meal) (table 2). Two hours after the start of 
the study (one hour after the meal, fig 1) mean 
arterial pressure (—5 (4)%, p < 0-05), systemic 
vascular resistance (~ 16(9)%, p < 0-001), and 
the rate-pressure product (— 5 (6)%, p < 0-05) 
were lower while the cardiac and stroke volume 
indices were higher (12 (8)%, p < 0-01 and 13 
(T)%, p < 0-001, respectively). Heart rate, 
right atrial pressure, mean pulmonary artery 
pressure, and pulmonary capillary wedge pres- 
sure were unchanged. These values returned to 
baseline five hours after the start of the study 
(four hours after the first meal); this indicated 
the start of the postabsorptive phase (fig 2). 
The changes after the second meal (dinner) 
were similar to those after the first one. 
Fluctuations in haemodynamic variables 
not associated with eating were assessed by 
comparing estimates from postabsorptive 
determinations—that is at baseline and after 
five and 12 hours (fig 3). Compared with 
baseline values, right atrial pressure was 
increased after five hours while, in addition, 
after 12 hours heart rate, mean pulmonary 
artery and pulmonary capillary wedge pres- 
sures, cardiac index, and rate pressure product 
were also increased. 


HAEMODYNAMIC FUNCTION IN THE ENALAPRIL 
GROUP 
Serum concentrations of enalaprilat rose after 


Although the concentration was highest after 
four hours (27-9 (8:2) ng/ml), the difference 
between two and five hours was not statistically 
significant. After five hours the serum concen- 
trations fell, reaching 11-7 (7-0) ng/ml after 12 
hours. In the absorptive phase, after two and 
three hours, the changes in haemodynamic 
function resembled those in the placebo group. 
Compared with baseline values the mean 
arterial pressure, systemic vascular resistance, 
and rate-pressure product decreased (— 15 
(6)%, p < 0-0001; —23 (9)%, p < 0-001; and 
—12 (13)%, p < 0-01, respectively). The 
cardiac index and stroke volume index 
increased (+ 14 (9)%, p < 0-05; and 17 (155%, 
p < 0-01, respectively). However, compared 
with placebo, the mean arterial pressure 
decreased more (p < 0-01) with enalapril, and 
after three hours the stroke volume index was 
increased (p < 0-05) and the rate-pressure 
product had fallen (p < 0-01). In contrast with 
the findings in the placebo group, pulmonary 
capillary wedge pressure decreased (—24 
(25)%, p < 0-01) and after three hours the heart 
rate (—6 (7)%, p < 0-05) was slower. The 
changes seen during the absorptive phase were 
maintained into the postabsorptive phase (that 
is five hours after the start of the study). Except 
for a further decrease in heart rate, no changes 
were found between two, three, and five hours. 

Overall changes from baseline values during 
the 12 hour study period were computed as 
areas under the curve (fig 2). Compared with 
placebo, enalapril reduced heart rate (p < 0-05), 
pulmonary capillary wedge pressure (p < 0-05), 
mean arterial pressure (p<0-01), and rate- 


only two hours (20-4 (9-8) ng/ml) (fig 4). pressure product (p<0-01). 
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Enalapril group 
Basehne Absorptrve phase Postabsorptrve phase 
Oh 2h 3h 5h 
87 (20) 85 (18) 81 (19)* 80 (i5)** 
5 (3) 4 8 5 (2) 4 (2)tt 
25 (7) 22 G 22 (5) 22 (St 
15 (7) 11 4)** 12 (4)* 12 (6)* +t 
3 (7) 71 (8)***}f 69 ot 70 (6yeextt 
23 (04) 26 (03)* 25 (03) 24 (07) 
28 (9) 32 (9)** 33 lort 31 (10)*+ 
1416 (288) 1067 (192)*** 1035 (212)*** 1150 (223)** 
174 (63) 187 (44) 187 (48) 168 (39) 
8522 (1779)** 7774 (1440)***tłt 7687 = (978) ***tt 


Discussion 

This is the first placebo controlled, randomised 
double blind study showing the short term 
haemodynamic effects of an angiotensin-con- 
verting enzyme inhibitor in heart failure and 
the extent to which these effects are affected by 
eating, absorption, and postabsorption. In a 
group of patients with treated moderate heart 
failure caused by dilated cardiomyopathy, 
enalapril reduced left ventricular preload and 
afterload during both the absorptive and post- 
absorptive phases and hence throughout the 12 
hour study period. Heart rate and the left 
ventricular metabolic cost, estimated as the 
rate-pressure product, decreased. 

The principal features of central haemody- 
namic function during the absorptive phase 
(one hour after ingestion) were similar in 
controls and patients with varying degrees of 
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heart failure. Systemic vascular resistance 
decreased with or without decreases in mean 
arterial blood pressure and heart rate while the 
cardiac index increased. These systemic effects 
reflect absorptive splanchnic hyperaemia and 
are the result of a locally mediated vascular 
response to digested nutrients in the lumen” 
and their composition. The hyperaemia 
seems to be limited to tissues that are active in 
digestion and was maximal after 30-90 minutes 
when the local blood flow increased 30- 
150%.2”?' In healthy individuals splanchnic 
hyperaemia was paralleled by an increase in 
renal blood flow, but this haemodynamic re- 
sponse to food seemed to be specific to protein- 
rich meals.” Information on blood flow 
distribution to other vascular beds during the 
absorptive phase is scarce. Studies in animals 
suggest that blood flow. to the brain and heart . 
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Figure 4 Concentration 
curve of serum enalaprilat 
(mean (SD)). 
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es compared with baselme (mean (SD) ) in the placebo Broup during postabsorpteve phases at five and 


is unaltered and that to skeletal muscle is 
unaltered or reduced.” Although the central 
haemodynamic changes during the absorptive 
phase are similar in individuals with or without 
varying degrees of heart failure, the distribu- 
tion of blood flow to other organs may differ 
with the cardiac capacity. 

Packer et al” and Siemienczuk et al'® 
reported a decrease in pulmonary capillary 
wedge pressure during the absorptive phase in 
patients with heart failure, but we found no 
change. This difference might be because our 
patients had a lower filling pressure. Differ- 
ences in the selection of patients, study design, 
and spontaneous haemodynamic changes may 
be relevant. 

We did not standardise the amount and 
composition of the meals eaten by our patients, 
who ate as much as they wanted and probably 
the same as they normally did. 

In the placebo group we saw increases in 
heart rate, pressures, and cardiac index after 12 
hours and in the postabsorptive phase. These 
results are at variance with those reported by 
Packer et al, who found a gradual decrease in 
pulmonary capillary wedge pressure during 24 
hours after right heart catheterisation.” Massie 
et al reported similar results.” In contrast, we 
found increases in right atrial and pulmonary 
capillary wedge pressures after 12 hours and in 
the postabsorptive state, but we did not stop 
diuretics on the day of investigation. Diuresis 
during the morning could have added to lower 
filling pressures at baseline. Such differences 
in basal haemodynamic conditions underscore 
the importance of well defined basal conditions 
in order to avoid bias introduced by the design 
of a clinical trial. 

Two hours after the oral administration of 
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10 mg of enalapril the serum concentration of 
enalaprilat was 20-4 (9-8) ng/ml. After 12 hours 
it was 11-7 (7-0) ng/ml. The serum concentra- 
tion curve resembled that found in controls‘ 
and the time to peak concentration was not 
delayed, as has been reported in severe heart 
failure.* Angiotensin-converting enzyme 
inhibition in the 90% range was reported at 
only 10 ng/ml.” Therefore, angiotensin- 
converting enzyme inhibition was likely to be 
effective from the second to the twelfth hour of 
this study. 

During the absorptive phase the reduction of 
afterload was more pronounced with enalapril 
than with placebo. Though the reduction of 
afterload during the absorptive phase in the 
placebo group was transient, it was maintained 
into the postabsorptive phase after enalapril. In 
addition, enalapril reduced heart rate and 
preload as expressed by a decreased pulmonary 
capillary wedge pressure while no change was 
seen in the placebo group. These enalapril 
induced changes increased from recordings 
during the absorptive phase to those of the 
postabsorptive phase, in keeping with short 
term pharmacodynamic studies on heart failure 
in which maximal haemodynamic effects, 
including heart rate and afterload reduction, 
were seen 4-8 hours after administration of a 
single oral dose. So we would not expect the 
maximal afterload reduction in the enalapril 
group to occur as early as two and three hours 
after administration. Indices measured after 
two and three hours, however, resembled those 
measured five hours after administration. This 
indicates that after two and three hours, during 
the absorptive phase, the total reduction of 
afterload is a summation of enalapril-induced 
and meal-induced vasodilatation. 

The patients were given diuretics on the day 
of investigation and this may have potentiated 
the haemodynamic changes produced by 
enalapril owing to complex interactions 
between diuretics and converting enzyme 
inhibitors.” Notwithstanding this fact, the 
aim of the study was to describe the short 
term haemodynamic effects of enalapril in an 
experimental situation that resembled, as far as 
possible, the daily routine of the patient at rest. 
In addition to meals, this routine also includes a 
continuation of long term medication. 

In short term studies of congestive heart 
failure, inhibition of angiotensin-converting 
enzyme activity reduced systemic arterial pres~ 
sure and systemic peripheral resistance and 
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increased the cardiac index. In most vascular 
beds (limbs, ”? brain,” liver,” and coron- 
aries?”*!) tissue flow is maintained through 
homoeostatic vasodilatation. Information on 
splanchnic blood flow was ambiguous. The 
increase in the cardiac index was directed 
mainly to the kidneys where the regional blood 
flow was increased.”’®® During the absorptive 
phase splanchnic vasodilatation induced by 
enalapril was supplemented by physiological 
splanchnic vasodilatation, which was probably 
caused by regionally active vasodilating agents. 


CONCLUSIONS 

(a).-The principal haemodynamic effects of 
eating and absorption seemed to be similar in 
controls and patients with varying degrees of 
heart failure. After a meal there was a transient 
reduction of afterload and an increase in 
cardiac index. (6) When meals were being 
eaten regularly angiotensin-converting enzyme 
inhibition by enalapril in patients with 
moderate heart failure caused by dilated 
cardiomyopathy produced signs of a balanced 
reduction in preload and afterload with a 
decreased rate-~pressure product. The afterload 
reduction was additional to that induced by 
meals. (c) To avoid bias in clinical trials the 
study design should be double blind with well 
controlled basal conditions. 


This study was supported by funds from the Karolinska 
Insutute and the Swedish Heart and Lung Foundation 
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Left ventricular function during balloon dilatation 
of the aortic valve in elderly patients: a blind study 


of echocardiograms 


Henrik Egeblad, Alf Wennevold 


Abstract 

Subcostal echocardiography of .the left 
ventricle was continuously recorded dur- 
ing balloon dilatation of the aortic valve 
in ten consecutive elderly patients. Left 
ventricular wall motion decreased 
gradually during a minute of maintained 
complete balloon inflation. Blind analysis 
of M mode echocardiograms showed a 
significant reduction in fractional 
shortening. Deflation of the balloon 
resulted in global left ventricular hyper- 
kinesia. There was a transient overshoot 
in fractional shortening, wall thickness, 
and blood pressure approximately 40 s8 
after deflation of the balloon. The 
myocardial reaction was similar to that 
known to occur regionally with brief 
coronary artery obstruction, whereas the 
timing of the events seemed to be dis- 
sociated from the timing of changes in left 
ventricular load. Thus it is likely that the 
left ventricular response during valve 
dilatation reflects not only changes in 
load but also an ischaemia-reperfusion 
effect on the myocardium. The systolic 
thickening of the hypertrophied inter- 
ventricular septum was slightly reduced 
after balloon dilatation. This finding 
might be a result of repeated episodes of 
ischaemia and reperfusion. However, the 
potential for myocardial injury seemed to 
be unimportant clinically. 


Balloon dilatation is increasingly used to treat 
elderly patients with aortic valve stenosis. 
The cardiovascular response to the repeated 
inflations and deflations of the balloon is 
complex. Transient circulatory obstructions 
cause considerable changes in left ventricular 
load. In addition, ischaemia and reperfusion 
may have a direct and potentially injurious 
effect on the myocardium. Brief obstruction of 
a coronary artery is known to result in 
characteristic abnormalities in regional wall 
motion.** The aim of this study was to examine 
whether there are similar global myocardial 
reactions in the left ventricle during balloon 
dilatation of the aortic valve. 


Patients and methods 

We studied 10 consecutive patients (four men, 
six women; median age 76 years (range 72-87 
years)) who underwent balloon dilatation of the 


aortic valve. All had clinical, electrocardio- 
graphic, radiological, and echocardiographic 
findings indicating severe stenosis of the aortic 
valve. Three of the patients had coexistent 
aortic valve incompetence that was considered 
to be haemodynamically insignificant on the 
basis of physical examination. None of the 
patients had primary mitral valve disease. 
Open heart operation for aortic valve stenosis 
was considered inappropriate because of the 
patient’s advanced age or coexistent disease. 


INVASIVE PROCEDURE 

A 7 F pigtail catheter was introduced percu- 
taneously into the femoral artery and advanced 
to the ascending aorta and on to the left 
ventricle with the aid of a guide wire. The peak 
gradient over the aortic valve was calculated as 
the difference between peak left ventricular 
systolic pressure and peak systolic pressure in 
the ascending aorta. The guide wire was used to 
replace the pigtail catheter by a Meditech 
15 mm (3—4 cm) balloon catheter. The aortic 
valve was dilated with the centre of the balloon 
at the level of the aortic valve, which was 
apparent from the calcifications seen by 
fluoroscopy. The balloon was inflated with a 
mixture of saline and Urografin 76%. Inflation 
was maintained at constant maximum manual 
pressure for 60s' unless the patient showed 
signs of insufficient cerebral perfusion. On 
fewer than 10 occasions was it necessary to 
deflate the balloon after 40 or 50 s because of 
vertigo, obvious dyspnoea, or when the 
patients speech became slowed. None of the 
patients lost consciousness or developed chest 
pain during the procedure. 

Repeated dilatations were performed every 
1-2 min, or more if the balloon catheter was 
replaced by a balloon of a larger size. Where 
possible dilatations were routinely carried out 
with balloons of increasing sizes from 15 to 18 
or 20 mm in diameter. The procedure was 
stopped after 3-5 dilatations with the largest 
balloon. A median of eight (range 3-11) infla- 
tions of a balloon in the aortic ostium were 
carried out in the 10 patients. 

Blood pressure was continuously recorded 
through an arterial sheath, Cardiac output was 
not measured. Because these were elderly 
patients we did not perform ventriculography, 
aortography, or coronary arteriography. 


NON-INVASIVE PROCEDURE 

Cross sectional and M mode echocardiograms 
from the parasternal, apical, and subcostal 
positions were recorded on video tape before 
and after balloon dilatation. During dilatation 
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Figure 1 M mode echocardiograms guided by cross sectional subcostal four chamber view in two patients undergoing balloon dilatation of the aortic 
valve. Echocardiograms obtained immediately before balloon obstruction of the aortic valve (a); at the end of 1 min obstruction (b); and 40 s after 
deflation of the balloon (c). In one patient (above) the septum between right (RV) and left ventricle (LV) and the lateral wall (below LV) are 
clearly defined. The echocardiograms of the second patient (below) show even more pronounced hypokinesia during balloon obstruction and 
hyperkinesia during reperfusion, but the defimtton of the septum ıs more vague because of right ventricular obliteration in the projection selected 
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simultaneous cross sectional and M mode 
echocardiography were performed from the 
subcostal position. An M mode diameter 
through the left ventricle at the level of the 
chordae of the mitral valve was selected on the 
cross sectional four chamber view. Echo- 
cardiograms were continuously recorded on 
video tape before each inflation of the balloon, 
during maintained complete balloon inflation, 
and during and after deflation of the balloon 
(25 mm/s or 50 mm/s). Polaroid photographs 
were taken from the video tapes including 
recordings obtained before and after dilatation 
and immediately before and at the end of each 
balloon inflation (fig 1). In addition, Polaroid 
recordings were obtained from the video tape 
after each deflation of the balloon when left 
ventricular wall motion was re-established and 
seemed from the cross sectional image to be at 
its maximum (fig 1). Exaggerated respiratory 
movements occasionally distorted the echocar- 
diogram. In these patients photographs were 
taken of the video tapes as close to the 
scheduled time as possible. 

The identity of the patient and the timing of 
the recording were marked on the reverse of 
each photo. They were later shuffled and 
analysed in random order without knowledge 
of at what stage of the procedure they were 
obtained. We measured left ventricular dia- 
meter at end diastole (Dd) and end systole (Ds) 
and septal (ST) and lateral wall (LW) thick- 
ness. Left ventricular fractional shortening 
(FS = ((d-Ds)/Dd) x 100%) and 
thickening of the septum and lateral wall from 
diastole to systole were calculated. All 
measurements were obtained as mean values of 
3-5 cycles. 

The heart rate and number of runs of three or 


more ventricular extrasystoles in relation to 
inflation of the balloon were calculated from 
the continuously recorded electrocardiogram. 
We used the Wilcoxon test for statistical 
analysis and a p value below 5% was regarded 


as significant. 


Results 

In the subcostal four chamber view the left 
ventricle appeared gradually to develop diffuse 
hypokinesia or akinesia over the 60 s period of 
maintained balloon inflation, with subsequent 
gradual development of global hyperkinesia 
after deflation of the balloon. These changes 
accorded with the measurements taken from 
the M mode recordings (figs 1 and 2). The 
median values and ranges shown in fig 2 
include all values obtained immediately before 
inflation of the balloon, 60 (15-60) s after 
complete inflation, and 40 (10-60) s after the 
deflations. The most pronounced echocardio-- 
graphic changes were associated with fractional 
shortening. There was a significant reduction 
from 30 (12-72)% before obstruction to 26 (9~ 
56)% during obstruction and a significant 
increase to 43 (15-79)% after deflation. A 
reduction in systolic thickening of the lateral 
wall from 6 (1-13) mm before obstruction to 4 
(0-10) mm during obstruction was statistically 
significant; systolic thickening of the septum 
was reduced from 4 (0-18) mm to 3 (0-14) mm 
(p > 0-05). After deflation systolic thickening 


of both the lateral wall and septum increased to 


7 (0-15) mm and 7 (0-18) mm respectively 
(p < 0-05 for both). 

The diastolic thickness of the septum and 
lateral wall did not change significantly during 
obstruction (before obstruction 16 (8-30) mm 


Od 


Control 


Figure 2 Variation in 
left ventricular variables 
measured by subcostal 
echocardiography during 
balloon dilatation of the 
aortic valve. Median 
values and range are 
shown in 10 patients who 
had 8 (3-11) balloon 

7 ‘ormed 


perf . 

alues measured after 60 
(15-60) s obstruction of 
the aortic ostium are 
compared with pre- 
obstructrve values obtained 
immediately ay bedere balloon 
inflation and with values 
measured 40 (10-60) s 


tables for eviations. 

*p < 0 05 compared with 
preceding value (rank sum 
test for paired data). 
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for lateral wall thickness and 18 (10-35) mm for 
septal thickness compared with 15 (9-24) mm 
for lateral wall and 18 (10-38) mm for septal 
thickness during obstruction). Lateral wall 
thickness increased to 16 (8-25) mm and septal 
wall thickness to 20 (13—38) mm after deflation 
of the balloon (p < 0-05 for both). Left ven- 
tricular diameter at end diastole did not change 
significantly, either from before obstruction 
(52 (32-60) mm) to the value measured after 
60s of obstruction (52 (32-60) mm) or that 
measured 40 s after deflation of the balloon (51 
(34-64) mm). 

Heart rate increased from 92 (64-135) beats/ 
min before to 100 (65-122) beats/min during 
obstruction and slowed to 95 (64-135) beats/ 
min 40 (10-60) s after deflation, but these 
variations were not statistically significant. 
Blood pressure fell from 105 (68~175)/50 
(30-70) mm Hg to 68 (24-95)/38 (17- 
55) mm Hg from baseline to balloon obstruc- 
tion (p < 0-05 for systolic and diastolic blood 
pressure) and increased to 135 (65-195)/50 
(30-100) mm Hg 40 (30-90) s after deflation of 
the balloon (p < 0-05 for both). Only one 
episode of three or more runs of ventricular 
extrasystoles was recorded before balloon infla- 
tion whereas runs of ventricular extrasystoles 
were seen in 43% of the periods after inflation 
of the balloon (5 (0-12) s after inflation) and in 
30% of the periods after deflation (45 (18-80) s 
after deflation). 

Values recorded for the first cycle of balloon 
inflation and deflation and for the last cycle 
were not significantly different (table 1). 

Data recorded before the procedure were 
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compared with those obtained after the treat- 
ment (table 2). Aortic valve opening was 
significantly increased and the valve gradient 
and septal thickening decreased significantly. 


Discussion 

Previous studies showed that echocardio- 
graphy may be a useful aid to guiding the 
balloon catheter and for evaluation of the result 
of balloon dilatation of the aortic valve.”° 
Transoesophageal echocardiography in parti- 
cular may facilitate stable and clear monitoring 
of the valve and left ventricle.” However, this 
technique requires general anaesthesia, which 
is best avoided in elderly patients and impedes 
the evaluation of the tolerance of decreased 
cerebral perfusion during balloon inflation. 
Parasternal M mode echocardiography of the 
left ventricle may be difficult to perform unless 
the patient is in the left lateral position, and 
interference between the ultrasound trans- 
ducer, the hand of the examiner, and the 
fluoroscope, which is used to control the posi- 
tion of the balloon, is unavoidable." Therefore, 
in this study we monitored left ventricular wall 
motion from the subcostal view. Continuous 
guidance by cross sectional echocardiography 
was helpful for maintenance of the direction of 
the M mode echocardiogram although opti- 
mum definition of the cardiac walls could not 
be obtained in all patients (fig 1). However, the 
reliability of the variations actually detected 
was endorsed by blind analysis of the echocar- 
diograms and by previously reported 
experimental and clinical data. 

Left ventricular hypokinesia during balloon 
obstruction—in this study recorded by 
echocardiography (figs 1 and 2}—has recently 
been confirmed by angiography." Hypokinesia 
may occur because of the considerable increase 
in left ventricular afterload, but may also be a 
result of ischaemia. Reduction of cardiac out- 
put and aortic pressure owing to the balloon 
inflation together with possible obstruction of 
the coronary artery ostia may diminish myo- 
cardial oxygen supply. The ensuing reduction 
of the pump function might complete a vicious 
circle. The hypertrophy of the left ventricular 
myocardium (table 2) and possible coronary 
artery disease in some of the patients could 
further increase the sensitivity to reduced 
blood pressure, with the subendocardium 
being particularly jeopardised.? Coronary 
arteriography was not performed in our 


Table i Data (median (range) ) measured during balloon dilatation of the aortic valve 











Preobstructtve control Balloon inflated Balloon deflated 

First value Last value First value Last value First value Last valus 
Dd (mm) 52 (40-59) 49 (35-56) 51 (34-59) 50 (40-59) 48 (34-5 
FS (%) 28 (19-58) 27 (12-79) 25 (13-43 18 (14-56 47 (17-57) 36 (20-6: 
ST (mm) 17 (13-32) 17 RER 18 (12-31) 18 (13-28 18 (14-28) 18 (15-34 
LW (mm) 13 (11-18) 13 (11-22) 14( 9-18) 13 (10-24 16 (10-20) 15 ( 8-22) 
AST (mm) E 1-9) 3( 0-12) 4A( 27) 3( 0-9) 5( 0-12) $( 1-12) 
ALW (mm) 4-8) 6( 2-9) 4( 3-10) 3( 1-7) 6( 0-15) 6( 414 
Systolic BP (mm Hg) 128 50-158) 145 (68-160) 75 (52-95) 50 (35-65) 140 (65-165) 135 (74-168) 
Diastolic BP (mm Hg) 50 (40-62) 50 (30-64 40 (35-5: 37 (25-50) 42 (38-6 42-60) 
HR (beats/min) 84 (70-107) 98 (70-112) 90 (78-110) 90 (68-122) 90 (82~115) 99 (68-118) 


Left ventricular characteristics by subcostal echocardiography, 
late during the course of balloon dilatation of the aortic val 


heart rate (HR), and blood pressure (BP) measured wunaily and 
ve Dd, left ventricular diastolic diameter, FS, left ventricular 


fractional shortening; LW, lateral wall thickness in diastole; ALW, systolic thickening of the lateral wall, ST, thickness of the 


interventricular septum in diastole, AST, systolic thickening of 


the mmrerventricular septum. 


Myocardial response to balloon dilatation of the aortic valve 


Table 2 Data (median (range) ) measured before and 
after balloon dilatation of the aortic valve 


Before After 
‘Time of examination 
ın relanon to procedure 
(days) 3( 1-7) 4( 1-11) 

Parasternal echocardiography 
Aortic cusp separation 4( 3-6) 6( 3-9)* 
Dd (mm) 52 (39-62) 58 (37-65) 
Ds (mm) 38 (24-52) 43 Sige) 
FS (%) 32 a 29 (14-59) 
ST (mm) 15 (12-18) 15 (12-20) 
PW (mm) 12( 8-17) 13 (10-15) 
Subcostal echocardiography 

Dd (mm) 53 (37-63) 55 (37-59) 
Ds (mm) 38 (18-52) 39 (18-48) 
FS (%) 28 (14-51) 24 (16-53) 
ST (mm) 17 (13-34) 17 (14-37) 
LW (mm 14 (10-21) 13 (12-21) 
AST (mm) 5( 0-9) 3( 0-7)* 
ALW (mm) 5( 2-8) 5( 2-12) 
HR (beats x min”! 85 (65-107) 90 (72-1 
BP (mm Hg) 130 (100-155)/ 130 (100-165)/ 

70 (60-100) 80 Nae 
Aortuc valve gradient 80 (30-125) 30( 0-535)* 
immediately before and 
after procedure (mm Hg) 


Left ventricular characteristics, heart rate (HR), and blood 
pressure (BP) before and after balloon dilatation of the aoruc 
valve Dd, left ventricular diastolic diameter, Ds, left 
ventricular systolic diameter, FS, left ventricular fractional 
shortening, LW, lateral wall thickness in diastole; ALW, 
systolic thickening of lateral wall; PW, posterior wall thickness 
in diastole, ST, thickness of the interventricular septum in 
diastole; AST, systolic thickening of the mterventricular 
septum *p < 005. 


patients, none of whom developed angina pec- 
toris during balloon dilatation. However, 
transient ST-T depression was often seen on 
the monitor electrocardiogram. The ST-T 
depressions were not measured because 
electrocardiographic mapping would have 
interfered with the fluoroscopy. Furthermore, 
bundle branch block and treatment with 
digoxin may interfere with the measurement 
and interpretation of ST-T changes in many 
elderly patients with aortic stenosis. 

Complete coronary artery obstruction by 
ligation leads to regional dyskinesia within a 
minute.” Dyskinesia is often noticed in 
anterior wall infarction with Q waves but rarely 
in non-Q wave infarction and in patho- 
anatomical subendocardial infarction." 5 Most 
of our patients showed hypokinesia during 
balloon inflation but a few showed akinesia (fig 
1). Dyskinesia did not occur. Left ventricular 
wall motion gradually became hypokinetic or 
akinetic within 60 s of complete inflation of the 
balloon. The left ventricular diameter at end 
diastole did not change significantly (fig 2). 
Thus the increase in left ventricular load 
remained constant while the balloon was kept 
inflated. Increased afterload doubtlessly 
contributed to the left ventricular response 
when the balloon was kept inflated. However, 
the timing and character of the wall motion 
abnormality were compatible with the concept 
of subendocardial ischaemia as a determinant 
of the development of hypokinesia and akinesia 
during the balloon obstruction. This hypo- 
thesis is supported by the recent demonstration 
by catheterisation of the coronary sinus of 
transient low flow ischaemia during balloon 
inflation.’ 

The response of the left ventricle to deflation 
of the balloon included transient hyperkinesia 
of the left ventricular walls that reached a 
maximum 40 s after the start of deflation. 
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There was no significant change in the left 
ventricular diameter at end diastole. Deflation 
of the balloon led to a reduction of the left 
ventricular afterload. A decrease of peripheral 
vascular resistance is likely to occur at the same 
time. Cardiac output was not monitored in this 
study but a reduction in peripheral vascular 
resistance was recognised in studies of de- 
clamping after aortic surgery.” The reduction 
in afterload resulting from the balloon deflation 
and the potential reduction of peripheral 
vascular resistance accord with the suggestion 
that there is left ventricular hyperkinesia 
after obstruction by the balloon. However, 
reperfusion of the myocardium may contribute 
significantly to the increased wall motion. A 
hyperkinetic wall motion response, which was 
attributed to sudden cellular calcium influx, 
was seen in experimental and clinical studies 
after the abolition of brief regional myocardial 
ischaemia.** ° In animal experiments ligation 
of the coronary artery for a minute resulted in 
maximum hyperkinesia after 40 s of reper- 
fusion.” A similar time course of hypokinesia 
and hyperkinesia was seen in variant angina.'® 
Furthermore, the significant increase in dia- 
stolic wall thickness after deflation of the 
balloon resembles the findings at coronary 
artery reperfusion in the experimental set- 
ting.” ° The increase in wall thickness has been 
attributed to engorgement of the myocardial 
vascular bed during reactive hyperaemia. The 
gradual increase in left ventricular wall motion 
and systolic blood pressure during reperfusion, 
with an overshoot in both after 40 s and a 
simultaneous diastolic blood pressure value at 
the pre-obstructive level are likely to reflect 
myocardial reperfusion rather than a decrease 
of afterload. The reduction in afterload may be 
greatest immediately after the balloon defia- 
tion. Finally, the occurrence of arrhythmias 
after deflation of the balloon indicates a 
reperfusion effect on the myocardium.” 

The variation in fractional shortening was 
further analysed to obtain a clearer idea of the 
time course of the myocardial response to 
inflation and deflation of the balloon (fig 3). To 
limit the number of measurements, the analysis 
was confined to two patients. Their M mode 
video recordings of the left ventricle were 
stable and during all aortic valve dilatations the 
balloon was completely inflated for 60 s. The 
number of balloon inflations in both these 
patients resembled the median number of 
dilatations (eight) in the study population. The 
two patients are not those shown in fig 1. An 
additional 161 photographs were obtained 
from the two patients’ video tapes immediately 
before the procedure and every 15 s during and 
after 60 s of maintained complete inflation of 
the balloon. Fractional shortening was 
measured without knowledge of the timing of 
the recordings. There was no significant reduc- 
tion of fractional shortening until late during 
the 60 s period of maintained inflation (fig 3). 
Other data from our laboratory showed that the 
time needed for complete filling and emptying 
of the balloon was approximately 20 s. Figure 3 
indicates that there was no reduction of frac- 
tional shortening during filling of the balloon 
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Figure 3 Fractional 
shortening (median and 
range) recorded every 15 s 
tmn two patients (1 MI F) 
m whom seven and 10 
balloon inflations and 
deflations were performed 
C, value recorded 
ummediately before the 
procedure. I, the 60 s 
period during which 
complete balloon inflation 
was maintamed, Deflation 
started at D. In most cases 
a new balloon inflation 
was carried out 60 s after 
D. Open asterisks, 

p < 0-05 compared with 
control value; closed 
asterisks, p < 0-05 
compared with value 15 s 
before (rank sum test for 
pared data). 
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(before I in fig 3). Therefore, partial obstruc- 
tion of the aorta during emptying of the balloon 
cannot be regarded as a likely explanation of the 
delay of maximum wall motion hyperkinesia 
(fig 3). Furthermore, the entire delay of 40-45 s 
after the start of deflation cannot be explained 
by the 20 s needed to deflate the balloon 
completely. However, the time course of frac- 
tional shortening during inflation and deflation 
of the balloon is similar to the time course of 
regional wall motion observed in experimental 
ischaemia and reperfusion.” 

Recent studies have shown minor im- 
provement of ejection fraction immediately, 
early, and late after balloon dilatation of the 
aortic valve.?”) Fractional shortening did not 
change significantly after balloon dilatation in 
this study (table 2). This does not exclude an 
increase in overall systolic function because 
only the function of myocardial fibres at the 
base of the ventricle is reflected in fractional 
shortening. 

Throughout the procedure there were insig- 
nificant reductions in fractional shortening and 
systolic septal thickening (table 1). However, 
the pre-obstructive values of fractional shor- 
tening and systolic septal and lateral wall 
thickening before the last balloon inflation may 
have been artificially increased by the post- 
obstructive wall motion hyperkinesia induced 
by the balloon deflation that immediately 
preceded inflation (fig 3). In animal experi- 
ments it took at least two minutes for hyperkin- 
esia to disappear after a minute of coronary 
artery ligation." Our study showed a slight 


“decrease of the systolic thickening of the sep- 


tum after the procedure (table 2). The proximal 
part of the septum is commonly the site of the 
most prominent hypertrophy in aortic stenosis. 
Reduction of systolic septal thickening soon 
after dilatation may show that hypertrophied 
myocardium is particularly susceptible to 
ischaemia and reperfusion and thus may be a 
manifestation of stunned myocardium.” 
However, the technique used for, balloon 
dilatation of the aortic valve and the improve- 
ment of valve gradient and the clinical condi- 
tion of the patients were similar to those 
reported in previous studies.' Thus the minor 
reduction of systolic septal thickening can be 
regarded as clinically insignificant. 

In our blind echocardiographic study of the 
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left ventricular response to balloon dilatation of 
the aortic valve we found significant changes in 
left ventricular wall motion and wall thickness 
in relation to inflation and deflation of the 
balloon. The changes in left ventricular load 
undoubtedly contributed to the myocardial 
reactions but their character and tirne course 
resembled those seen in experimental and 
clinical ischaemia and reperfusion. Thus 
myocardial ischaemia and reperfusion may be 
important determinants of the left ventricular 
response to balloon dilatation of the aortic 
valve, and the potential impact on the myo- 
cardium of repeated ischaemia and reperfusion 
should be considered when percutaneous 
balloon dilatation of the aortic valve is 
performed. 


1 Crbier A, Savin T, Berland J, et al Percutaneous trans- 
luminal balloon valvuloplasty of adult aoruc stenosis. 
Report of 92 cases J Am Coll Cardiol 1987,9 381-46 

2 Isner JM, Salen DN, Desnoyers MR, et al. Treatment of 
calcific aortic stenoms by balloon valvuloplasty. Am J 
Cardtol 1987,59.313--7, 

3 McKay RG, Safian RD, Lock JE, et al. Assessment of left 
ventricular function after aortic balloon valvuloplasty m 
adult patients with critical aortic stenosis. Circulation 
1987,75.192-203, 

4 Pagani M, Vatner SF, Bag H, Braunwald E. Initial myo- 
cardial adjustments to brief periods of ischemia and 
reperfusion in the conscious dog Cire Res 1978343 83-92. 

5 Distante A, Rova: D, Picano E, et al. Transient changes in 
left ventricular mechanics during attacks of Prnzmetal’s 

an M-mode echocardiographic study. Am Heart J 
1984,107:465-74 

6 Alam M, Khaya F, Brymer J, Marzel: M, Goldstem S. 
Echocardiographic evaluation of left ventricular function 
Hat coronary artery angioplasty. Am J Cardiol 1986, 
57 5. 

7 Monaghan M, Thomas S, Jewitt D. Percutaneous aortic 
valvuloplasty for aortic stenoms [Abstract]. Circulanon 
1986,74 (suppl II) II-207 

8 Come PC, Riley MF, McKay RG, Safian R Echocardio- 

graphic assessment of aortic valve in elderly patents 

with aortic stenosis and of changes in valve area after 
percutaneous balloon valvuloplasty. J Am Coll Cardwl 

1987,10 115-24 

9 Cyran SE, Kimball TR, Schwartz DC, Meyer RA, Steed D, 

Kaplan $. Evaluation of balloon aoruc valvuloplasty with 
transesophageal echocardiography Am Heart J 1988, 
115.460-2. 

10 Mortensen SA, Egeblad H. Endamyocardial biopsy guided 
by cross-sectional echocardiography. Br Heart J 1983, 
50°246-51. 

11 Suarez de Lezo J, Pan M, Romero M, Sancho M, Carrasco 
JL Physiopathology of transient ventricular occlusion 
during balloon valvuloplasty for pulmonic or aortic 
stenosis. Am J Cardiol 1988,61 436-40. 

12 Strandgaard S, Haunse S Why does antihypertensive 
treatment prevent stroke but not myocardial infarction? 
Lancet 1987,11.658-61. 

13 Egeblad H, Haunse S, Amtorp O. Regional dynamic 
behaviour of the canine myocardium following brief 
ischaemia wall thickness, wall thickening and blood flow 
Cardiovasc Res 1982,16:249-55. 

14 Montague TJ, Johnstone DE, Spencer A, et al. Non-Q-wave 
acute myocardial infarction: body surface are map 
and ventriculographic patterns. Am J Cardiol 1986; 
$8:1173--80, 5 

15 Pandian NG, Skorton DJ, Collins SM, et al Myocardial 
infarct size and threshold for two-dimensional echo- 
cardiographic detection. sensitivity of systolic wall thick- 
ening and endocardial motion abnormalities in small 
versus large infarcts. Am J Cardiol 1985,$5:551-5 

16 Rousseau MF, Wyns W, Hammer F, Caucheteux D, Hue L, 
Pouleur H. Changes in coronary blood flow and myo- 
cardial metabolism during aortic balloon valvuloplasty 
Am J Cardiol 1988,61:1 i 

17 Carroll RM, Laravuso RB, Schauble JF. Left ventricular 
function during aortic surgery. Arch Surg 1976;111. 
740-3 


18 Egeblad H, Vilhelmsen R, Mortensen SA Ischemic and 
posnschemic ventricular wall monon abnormalities in 
Pnnzmetal’s angina provoked by hyperventilation, Am 
Heart J 19823104 1105-7 

19 Gaasch WH, Bernard SA. The effect of acute changes in 
coronary blood flow on left ventricular end-diastolic 
thickness Circulation 1977,56:593-8. 

20 Go S, Greenspon AJ, Urban PL, et al Reperfusion 
arch * a marker of restoration of antegrade flow 
during intracoronary thrombolysis for acute myocardial 
infarction. Am Heart J 1983;105:26-32 

21 Roberts WC. Good-bye to thorecotomy for cardiac 
valvulotomy Am J Cardiol 1987,59:198-202. 

22 Braunwald E. Kioner RA. The stunned myocardium 
prolonged, chemic ventricular dysfunction. 
Circulation 1982,66 1146-9. 


` 


4 


\ 


E 


rk 


Br Heart J 1990;63:37—40 


Department of 
Paediatric Cardiology, 
Brompton Hospital, 
London 


E A Shinebourne 
M L Rigby 

M Paneth 

C Lincoln 


Co: dence to 

Dr M Burch, Department of 
Paediatrics, Brompton 
Hospital, Fulham Road, 
London SW3 6HP 


Accepted for publication 
8 September 1989 


37 


Open valvotomy for critical aortic stenosis in 


infancy 


M Burch, A N Redington, J S Carvalho, P Rusconi, E A Shinebourne, M L Rigby, 


M Paneth, C Lincoln 


Abstract 

Over a5 year period open valvotomy was 
performed on 13 patients under the age 
of one year with critical aortic stenosis. 
All 13 survived operation. There were 
two late deaths—one 38 days after opera- 
tion, associated with an unrelated 
neurosurgical procedure and the other 2 
years 6 months after when aortic root 
enlargement and replacement of the 
aortic valve were performed. During this 
period two other infants presented with 
aortic stenosis. One, who was very ill 
before transfer, died before operation 
could be performed. The second patient 
had a hypoplastic left ventricle with a 
small mitral valve ring and was, 
therefore, considered to be part of a dif- 
ferent subgroup. All the surviving 
children have been followed up (median 
length of follow up 2 years and 1i 
months, range 7 months-5 years). Left 
ventricular function, in terms of percen- 
tage systolic wall thickening, was shown 
to be significantly impaired in all age 
groups. Peak diastolic thinning was 
abnormal in those children aged from 3 
to 5. The aortic valve gradient, as asses- 
sed by peak instantaneous continuous 
wave Doppler, was <40 mm Hg in five 
patients and between 40 and 70 mm Hg 
in seven patients. One patient, with 
appreciable restenosis, has undergone 
successful percutaneous balloon dilata- 
tion of the aortic valve. 


The mortality for aortic valvotomy in children 
over one year of age is low.'? In contrast, 
mortality is high in those below the age of one 
year. Various operative techniques have been 
used in infancy including circulatory arrest 
and hypothermia,’ inflow occlusion and par- 
tial cardiopulmonary bypass,* inflow oc- 
clusion alone,” cardiopulmonary bypass?®? 
transventricular valvotomy with blunt dila- 
tation,!°"! and transventricular balloon dilata- 
tion of the valve.'?"° The surgical mortality in 
these studies has varied from 9% to 66%. 
Recently, small series treated by percutaneous 
balloon dilatation have been reported.’** In 
the largest series published so far mortality 
was high'™!? and transverse tears of the aortic 
wall were reported with this technique.” Our 
preferred technique is open surgical valvo- 
tomy with conventional cardiopulmonary 
bypass. We report our results over a 5 year 
period. 


Patients and methods 

From September 1982 to September 1987, 13 
patients presented with critical aortic stenosis. 
Their median age was 14 days (range 1-91) and 
the median weight was 4-0 kg (range 2:2-6-4). 
Endocardial fibroelastosis was present in four 
patients. Three patients were pulseless and 
poorly perfused at presentation—one of them 
had an initial pH of 6-9 and the other two were 
resuscitated with immediate ventilation and 
intravenous bicarbonate before blood gases 
were measured. Seven patients presented with 
heart failure. Three were symptom free and the 
gradients from left ventricle to ascending aorta 
were therefore investigated. Two of these 
patients underwent preoperative cardiac cath- 
eterisation (no other patients were catheterised 
before operation); the third had ST segment 
depression on an electrocardiogram and the 
aortic valve gradient was assessed by contin- 
uous wave Doppler. The mean gradient of 
these three (left ventricle to aorta) was 
120 mm Hg. None of the 13 patients had a 
hypoplastic left ventricle by echocardiographic 
criteria.??! Another two patients were 
excluded. One patient had disseminated 
intravascular coagulation, necrotising 
enterocolitis, and a pulmonary haemorrhage 
before transfer to our institution and died 
before operation could be performed. The 
other had a hypoplastic left ventricle. At 
echocardiography the diameter of the mitral 
valve was <10mm and the ventricle was 
spherical with a maximum transverse cavity 
dimension of 6mm. This is in keeping with 
previously described criteria for diagnosing a 
hypoplastic left ventricle. Although this patient 
underwent valvotomy he died after operation. 
He was considered to be part of a separate 
subgroup and to have died as a consequence ofa 
small mitral valve annulus and a small left 
ventricle. 


METHODS 

All patients had an open aortic valvotomy. 
Conventional cardiopulmonary bypass with 
moderate hypothermia was used in 11 patients 
and inflow occlusion in two patients. 

Eleven of the patients were studied with 
continuous wave Doppler (Doptech scanner), 
cross sectional echocardiography, and M mode 
echocardiography and the other patient was 
studied by Doppler flow at another hospital. 
Investigations were performed at a median of 2 
years 11 months (range 7 months-—5 years) after 
operation. Of the 11 M mode echocardiograms, 
10 were of sufficiently high quality to enable 
digitisation to be performed (fig 1) as 


Figure! M mode 
echocardiogram of the left 
ventricle at the level of the 
mitral valve from a 3 year 
old patient unth previous 
critical aortic stenosis. 
ECG, electrocardtogram; 
phono, phonocardiogram; 
IVS, mtraventricular 
septum; LVPW,, left 
ventricular posterior wall. 
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previously described.” Three beats were digit- 
ised from each patient. Left ventricular cavity 
dimensions and posterior wall thickness were 
measured throughout the cardiac cycle (fig 2). 
From these we obtained indices of systolic 
function (percentage systolic wall thickening, 
fractional left ventricular shortening (%), peak 
rate of systolic wall thickening (cm/s) and 
diastolic function (peak rate of diastolic wall 
thinning cm/s, and peak rate of left ventricular 
filling cm/s) (fig 3). 

All data were expressed as mean (1 SD). 
Variables were compared by Student’s z test. 
The null hypothesis was rejected if p < 0-05. 

We compared results obtained with 
previously reported normal ranges for children 
aged 1-3 and 3-5 years from our hospital.” 


Results 

There was no operative mortality. One patient 
died 38 days after operation during an 
unrelated neurosurgical procedure. The mean 
peak imstantaneous gradient at recent contin- 
uous wave Doppler was 41 mm Hg (range 8- 
70mm Hg). A gradient of between 40 and 
70 mm Hg was found in seven patients (fig 4) 
and one has recently undergone successful 
percutaneous balloon dilatation of the aortic 
valve. There was no relation between age and 
Doppler gradient. Two patients had significant 
aortic incompetence clinically and echocar- 
diographically; recently one of them under- 
went aortic root enlargement and aortic valve 
replacement (19mm St Jude prosthesis) 2 
years and 6 months after her initial operation. 
At operation the valve was found to be bicuspid 
and the original incision that had been taken to 
one side of the anterior commissure was 
believed to be causing the incompetence. The 
postoperative course was complicated by poor 
ventricular function and recurrent ventricular 
tachycardia and the patient died on the 23rd 
postoperative day. 

The table shows' indices of systolic and 
diastolic function obtained from the M mode 
echocardiograms. The mean heart rates were 
117 (19) (1-3 years) and 99 (24) (3 to 5 years) 
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Figure 2 Computer output of digitised echocardiogram: 
{a} normahsed rate of change of dimension (d D/dt/D) 
(per s); (b) rate of change of left ventricular dimension 
{d D[dt) (emjs); (c) instantaneous change tn left 
ventricular (LV) dimension (D) (em); (d) digitised M 
mode echocardiogram (cm). 

per minute, which resemble normal rates.”! 
There was significant reduction in the value of 
percentage systolic wall thickening (p < 0 001) 
in children in both age groups (1:5-3 years and 
3-5 years). Peak diastolic thinning was 
decreased in the group aged 3~5 years (p < 
0-02). Other values were not significantly 
abnormal. There was only one patient under 
1-5 years of age and, although digitisation was 
performed, there are no normal data with 
which to compare the results in this patient. 
However, if the values are compared with the 
1:5-3 year group then peak left ventricular 
filling and percentage systolic wall thickening 
were significantly decreased (p < 0-001) as 
were peak diastolic thinning and fractional left 
ventricular shortening (p < 0-01). In the child 
who died after aortic root enlargement and 
aortic valve replacement percentage wall thick- 
ening (346% ) was decreased and fractional left 
ventricular shortening (20:5%) was consider- 
ably reduced. 


Discussion , 
Our study showed that during the 5 year period 
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Open valvotomy for critical aortic stenosis in infancy 


Figure 3 Computer 
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output of digitised 
echocardiogram (a) 
normalised rate of change 
of left ventricular posterior 
wall thickness, (b) 
mstantaneous rate of a 
change of left ventricular 
posterior wall thickness; 
(c) posterior wall (PW) 
thickness measur 
continuously. 
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from September 1982 to September 1987 open 
aortic valvotomy for critical aortic stenosis in 
infancy was not associated with any early (30 
day) mortality. However, we excluded a patient 
who retrospectively we considered to have a 
hypoplastic left ventricle by established 
echocardiographic criteria? and who died in 
the postoperative period. We view patients 
with hypoplastic left ventricle as a subgroup in 
which others have shown a 100% mortality for 
aortic valvotomy.**” Our current practice is to 
consider these patients for a Norwood 
procedure.” If, where possible, the deaths of 
patients with hypoplastic left ventricle are 
excluded from the series of patients undergoing 
balloon dilatation of the aortic valve, then the 
early mortality is 54% and 100% respec- 
tively” °; however, in another study early mor- 
tality was only 19% for all patients.” 

Our retrospective study highlights the need 
for careful follow up. Although all the 
survivors are well, seven patients had a gradient 
of between 40 mm Hg and 70 mm Hg on con- 
tinuous wave Doppler. Two patients had con- 
siderable aortic incompetence. One patient 
died after enlargement of the aortic root and 
replacement of the aortic valve. To date, none 
of our other patients has required reoperation, 
but one has undergone percutaneous balloon 
dilatation of the aortic valve. It is likely that 
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Figure4 Distribution of peak mstantaneous gradients 
from the left ventricle to the aorta as measured by 
continuous wave Doppler. 


others will need further relief of aortic stenosis 
in the near future. 

Left ventricular function Gn terms of per- 
centage systolic wall thickening) was abnormal 
in children aged 1-5-3 years and those aged 3-5 
years. In addition, diastolic function (in terms 
of peak diastolic thinning) was significantly 
decreased in the group aged 3—5 years. This 
may reflect the increase in fibrous tissue in the 
left ventricle that has been described in adults 
with aortic stenosis.” Other indices were reas- 
suringly normal. Longer term follow up will be 
required to assess the clinical implications of 
these abnormalities of systolic and diastolic 
function. 

Recently a mortality of 15% for open aortic 
valvotomy in infants over a 13 year period with 
no deaths since 1979 has been reported.” 
However, the patients were slightly older at 
presentation than the ones we described 
(median age 8 weeks as opposed to 2 weeks). 
Allied with the low mortality for open 
valvotomy at our hospital, this produces a firm 
background of contemporary data against 
which other procedures should be judged. At 
present we hesitate to adopt a policy of primary 
percutaneous balloon dilatation of the aortic 
valve in infancy. The mean Doppler gradient 
across the aortic valve at follow up in the recent 
series” was similar to the one that we report 
(mean 43 mm Hg compared with 41 mm Hg) 
but we found fewer patients with aortic regur- 
gitation. It seems likely, therefore, that 
intervention will be necessary in several 
patients in the future. At repeat valvotomy the 
valve cusps have been described as flexible and 
non-calcified in most, suggesting maturation of 


Left ventricular (LV) systolic and diastolic function at follow up (mean (1 SD)) 


Peak rate of diastolic Peak rate of LV 
Age (yr) (cms) filling (cm/s) 
<15(0 = 1) Tey 5301) 
15-3(n = 5) = 3.9 (1-24) 9 64 (1 83) 
Normal (5-0 (1 4)) 9 2 (1-3)) 
3-5 (n = 5) 4,37 (2 12) 10-17 (4 15) 
Normal range (8 6 (2 0)) 01287) 


Systolic wall Fractional LV Peak rata of systolic 
thickening (% ) shortening (%) wall thickening (cm/s) 
23 4 (3-1) 217(3 1) 2-5 (0 

38 40 (10 30) 31-9 (6 7) 2 76 (0 81) 

(113 (24)) G2) (29 9)) 

36 37 (14-18) 39-5 (8-2) 292 (0 

(107 (39) (CEE) B212) 
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the original embryonal structure.® We have, 
therefore, performed percutaneous balloon 
dilatation of the aortic valve when repeat 
valvotomy has been required. 


We thank Dr D Gibson for his advice. 
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Doppler echocardiographic characteristics of 
normal and dysfunctioning prosthetic valves in 
the tricuspid and mitral position 


M Pye, N Weerasana, W H Bain, I Hutton, S M Cobbe 


Abstract 

The Doppler echocardiographic charac- 
teristics of 70 prosthetic valves in 35 
patients are reported. Twenty nine 
patients had a Bjork-Shiley prosthesis in 
both mitral and tricuspid positions and 
six had Carpentier-Edwards valves in 
both sites. Five of the patients had abnor- 
mal tricuspid prostheses on the basis of 
clinical and echocardiographic criteria. 
Pulsed wave Doppler echocardiography 
was used in all examinations. The pres- 
sure half times for the normal tricuspid 
prosthetic valves, 105 (40) ms (Bjork- 
Shiley) and 97 (53) ms (Carpentier- 
Edwards), were significantly longer than 
those of normal mitral prosthetic valves, 
75 (18) ms (Bjérk-Shiley) and 83 (15) ms 
(Carpentier-Edwards). The range of 
pressure half times for the abnormal 
tricuspid valves (237-530 ms) was distinct 
from that of the apparently normal 
tricuspid prosthetic valves (38-197 ms). 
There was an increase in the peak velocity 
of the obstructed tricuspid prosthetic 
valves (1:69 (0°12) m/s) in comparison with 
normal prostheses (1:06 (0°26) m/s). 

The normal range of pressure half 
times for the Bjérk-Shiley and 
Carpentier-Edwards valves in the mitral 
position is not applicable to the same 
valves in the tricuspid position. The valve 
appears to function well with very long 
pressure half times but a pressure half 
time of >200 ms coupled with a peak 
velocity of greater than 1-60 ms without 
significant valve regurgitation indicates 
tricuspid obstruction of the tricuspid 
prosthetic valve. 


The detection of prosthetic valve dysfunction 
often poses a diagnostic challenge because 
symptoms and signs of dysfunction are often 
non-specific and can be difficult to detect and 
measure on clinical examination. The reference 
standard of investigation for valve function has 
been cardiac catheterisation (with careful 
Measurement of pressure gradients) and 
angiography. However, there are practical 
problems and risks in using invasive methods 
of assessment, because either the prosthetic 
valve has to be crossed or direct ventricular 
puncture attempted in the case of tricuspid 
prosthetic valves. 

It is now widely accepted that Doppler 
echocardiography provides more detailed and 
accurate information on the severity of 


prosthetic valve dysfunction than any other 
non-invasive procedure.'? Although there are 
many recent studies on the value of Doppler 
echocardiography in the assessment of mitral 
and aortic prosthetic valves,” there is very 
little information on the Doppler examination 
of normal or abnormal tricuspid prosthetic 
valves®’ and the numbers reported are small. 
This study was performed to define a normal 
range of Doppler indices for the Bjérk-Shiley 
tilting disc valve and Carpentier~-Edwards 
xenograft in the tricuspid position and compare 
them with the same prostheses in the mitral 
position. We also describe the Doppler 
characteristics of five clinically dysfunctioning 
tricuspid prosthetic valves. 


Patients and methods 

Thirty five patients were studied; all had 
undergone mitral and tricuspid valve 
replacement with the same valve type in both 
sites. Twenty nine patients had Bjork-Shiley 
(tilting disc) and six had Carpentier-Edwards 
(xenograft) valve prostheses. Symptoms and 
clinical and radiographic examinations showed 
normal mitral prostheses in all patients. In five 
patients an abnormal tricuspid prostheses was 
suspected on the basis of the following 
findings: 

(a) Symptoms suggestive of declining 
cardiac output—for example increasing muscle 
fatigue on exercise and decline in exercise 
tolerance with evidence of a significantly raised 
jugular venous pressure, hepatomegaly, and 
peripheral oedema. 

(b) The absence of significant right or left 
ventricular dysfunction on echocardiographic 
examination, 

Thirty two of the patients were in atrial 
fibrillation and three were in sinus rhythm. 
The time from implantation to study ranged 
from 6 months to 18 years (mean 9-5 years), 
Valve sizes for the tricuspid position ranged 
from 27 to 33 mm and for the mitral position 
from 25 to 31 mm. There were 21 standard and 
eight monostrut type Bjérk-Shiley valves. The 
patients’ ages ranged from 21 to 75 years (mean 
59 years). There were 26 women and nine men. 
Fifteen normal volunteers formed a control 
group with native'valves. 

Pulsed wave Doppler echocardiography with 
a 3-5 MHz imaging transducer was used in all 
the studies and all of the Doppler spectral 
recordings were obtained by one observer. The 
pulsed Doppler sample volume (3 mm’ was 
located just distal to the tip of the valve leaflets 
or the tilting disc. The position of the 
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Table 1 Comparison of pressure half times for tricuspid and mitral prosthetic and natwe valves 
tt tt ne 
Pressure half time (ms) 








Valve type No Mean (SD) Median Range 
Tricuspid valves: 
Normal Byork-Shiley 24 105 (40)* 108 50-195 
Normal Carpenter-Edwards 6 97 (53)* 107 38-197 
Normal native valve 15 67 (15)*** 69 41-71 
Obstructed Byork-Shiley 5 353 (130)** 308 237-570 
Mitral valves 
Normal Byork-Shiley 29 75 (18)* 71 71-120 
Normal Carpentier-Edwards 6 83 (18)* 79 79-110 
Normal native valve , 15 (iijyee* 53 53-65 
*p < 001, difference between mitral ard tri d normal prosthetic valves. 


**p < 0001, difference between obstructed and normal tricuspid prosthettc valves. 
thy < 0 01, difference between mitral or tricuspid normal prosthetic and native valves. 


transducer was adjusted to obtain the highest 
maximum velocity with the least velocity 
dispersion, according to the audio signal and 
spectral display. The transducer position 
(apical or parasternal) used to measure the 
mitral and tricuspid velocities depended on the 
flow characteristic of the valve. The best align- 
ment with the Doppler beam for native valves 
and xenografts was often the same because both 
had central flow characteristics. As expected 
with the tilting disc valve in the mitral position 
the major jet was often directed eccentrically 
towards the interventricular septum. The 
tricuspid prostheses were orientated with the 
large orifice opening anteromedially because in 
patients with considerable right ventricular 
hypertrophy more conventional posterior 
opening of the prosthesis could lead to the disc 
impinging on the subannular posterior wall of 
the hypertrophied right ventricle. Somewhat 
modified transducer positions were necessary 
to obtain optimal and clear spectral recordings 
in the group with tricuspid prostheses. 

To measure peak velocities the maximum 
peak detected during the examination was 
recorded over at least 10 cardiac cycles. 
Atrioventricular pressure half timies were 
recorded over a minimum of seven cardiac 
cycles and the average of these readings was 
taken. Pressure half time was calculated by on 
line computer software as the time taken for the 
peak velocity to fall to peak velocity/1-4 accord- 
ing to the method of Hatle et al.* To assess the 
severity of valve regurgitation, systolic flow in 
the relevant atrium was studied in all patients 
by pulsed Doppler mapping of the chamber 
with small movements of the transducer and 
shifts of sample volume position from apical 
and modified parasternal positions. Valve 
regurgitation was graded according to the 
depth and width of the systolic jet detected: 
mild—jet no more than 2 cm from the valve 
ring with a jet width <5 mm; moderate—jet 


<2 cm from the valve ring but > 5 mm wide or 
jet detected >2 cm from the valve ring into the 
atrium but not reaching the posterior third of 
the atrium; severe—jet >5 mm wide detected 
in the posterior third of the atrium. 
Intraobserver variability was studied by an 
analysis of the recordings. There was a mean 
difference of <5% for measurements of the 


same spectral display. 


STATISTICAL ANALYSIS 

Peak velocities and pressure half times across 
the mitral and tricuspid prosthetic and native 
valves were compared by the paired or 
unpaired z test as appropriate. We used a rank 
correlation test to compare the peak velocities 
or pressure half times and time since implanta- 
tion. 


Results 

PRESSURE HALF TIME 

Table 1 shows the results of pressure half times 
for normal and abnormal prosthetic mitral and 
tricuspid valves and native valves. There was 
no significant difference between the pressure 
half times for prosthetic valves of different sizes 
in either the mitral or tricuspid position. There 
was no significant difference between the pres- 
sure half times of the monostrut or standard 
Bjérk-Shiley prostheses. 

There was also no correlation between pres- 
sure half time and time since implantation in 
either the mitral or tricuspid positions. The 
pressure half time was significantly greater in 
the tricuspid position than in the mitral 
position for both normal Bjérk-Shiley and 
Carpentier-Edwards valves. The pressure half 
time was significantly longer in the dysfunc- 
tioning Bjérk-Shiley tricuspid valves than in 
the apparently normal prosthetic valves. Beat 
to beat variation in pressure half times ranged 
from 0 to 35 ms (mean 16) for the mitral valve 


Table 2 Comparison of peak early velocity for tricuspid and mitral prosthetic valves 








Peak velocity (m/s) 


Value type No Mean (SD) Medan Range 
Tricuspid valves. 
Normal Carpenter-Edwards and Byork-Shiley 30 1-06 (0 1 145** 06-16 
Normal native valve 15 0:54 (0 iD 0-590%** 0:34-0-94 
Obstructed Byork-Shiley 5 1-69 {42 1 730* 153-1 94 
Mitral valves. 
Normal Byork-Shiley and Carpentier-Edwards 35 117 o 25) 1 200** 0-4-1:75 
Normal native valye 15 0 86 (0 32) 0 960*** 0413 





“p < 0 01, difference between obstructed and normal tricuspid prosthetic valves. 


p = NS, difference between normal tncuspid and mitral prostheti 


c valves. 


***y & 0 01, difference between normal native, mitral and tricuspid valves. 
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Table 3 Frequency and degree of valve regurgitation 


Valve 
ropurgicanoi Dagres 
(No) (%}  (mild-severs) 


Normal Bjérk-Shiley- 
Mitral 3/29 100 Mild 
Tricuspid 3/24 125 Mild 
Normal Carpenner-Edwards: 
Mitral 1/6 160 Mild 
Tricuspid 1/6 160 Mild 


Dysfunctioning Byork-Shiley: 
Tricuspid 2/5 400 Mild 

and from 10 to 95 ms (mean 46) for the 

tricuspid valve. 


PEAK VELOCITY 

Table 2 shows the results for all the peak 
velocities. There was no significant difference 
between the peak velocities of normally func- 
tioning prosthetic valves in either the mitral or 
tricuspid position. There was a significant 
difference between the peak velocity of native 
mitral and tricuspid valves. The peak velocity 
of the obstructed valves was significantly 
higher than in prosthetic tricuspid valves with 
apparently normal function. Once again there 
was no significant difference or trend between 
the peak velocities for different sized valves and 
no correlation between peak velocity and time 
since implantation in either position. 


VALVE REGURGITATION 

Table 3 shows the results of the regurgitation 
study. Valve regurgitation was more common 
in the normal Carpentier-Edwards valves than 
in the normal Bjérk-Shiley valves. There was a 
significantly higher incidence of regurgitation 
in the five patients with dysfunctional valves 
but in all cases this was mild. 


Discussion 
The normal] value for pressure half time across 
the native mitral valve was reported to be 
<60 ms,® but surprisingly there are no data on 
normal pressure half times for the native tricus- 
pid valve. There is very little published infor- 
mation on the Doppler indices for normal or 
abnormal native or prosthetic tricuspid 
valves.>7° © These studies of small numbers of 
normally functioning tricuspid xenografts 
reported pressure half times ranging from 67 to 
260 ms. There are few data on tricuspid 
prostheses because there is no satisfactory 
method of recording right ventricular pressure 
and hence mean pressure gradients without 
transthoracic puncture of the right ventricle or 
crossing the prosthetic valve with a catheter. 
Both mechanical and biprosthetic valves 
cause some obstruction of blood flow even 
when they function normally and this is reflec- 
ted by our finding that the pressure half times 
and peak velocities in our study exceeded the 
normal values for native valves in the mitral 
and tricuspid positions. A major advantage of 
this study was that each patient had the same 
type of prosthetic valve in both the mitral and 
tricuspid position. It was therefore possible to 
study the behaviour of the valve in different 
positions at the same examination, and thus 
under virtually identical haemodynamic condi- 
tions. 
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We found no significant difference in the 
pressure half time or peak velocity between the 
Bjérk-Shiley or Carpentier-Edwards valve 
implanted in the same valve position. However, 
the pressure half time range for normal tricus- 
pid prosthetic valves was found to be con- 
siderably longer than that of mitral prosthetic 
valves (Bjérk-Shiley 50-195 ms v 71-120 ms 
and Carpentier-Edwards 38-197 ms v 79-110 
ms respectively), This could represent func- 
tional obstruction to flow caused by the nature 
of the valve coupled with greater tissue 
ingrowth or pannus formation on the tricuspid 
valve. However, the tricuspid prosthesis seems 
to function satisfactorily even with what would 
be considered a very long pressure half time of 
197 ms. It is worth emphasising that the 
dividing range between clinically normal and 
abnormal prosthetic tricuspid valves is small 
(197-237 ms). For mitral prosthetic valves a 
gradual increase in obstruction to flow might 
be expected to present earlier as dyspnoea on 
effort and evidence of pulmonary venous con- 
gestion. Perhaps the tricuspid valve has to be 
more critically obstructed before symptoms or 
signs are apparent. Once this critical point is 
reached the valve dysfunction quickly becomes 
apparent, possibly owing to added thrombus 
formation over an area of low flow. Although 
pressure half time is predominantly dependent 
on the valve area it is by no means the only 
factor of influence. Flow deceleration, of which 
pressure half time is one measure, across 
normal mitral and tricuspid native valves may 
increase with impairment of left or right 
ventricular diastolic function." ? Patients who 
undergo simultaneous mitral and tricuspid 
valve replacement often have more severe, and 
less reversible, pulmonary hypertension. This 
could conceivably lead to right ventricular 
hypertrophy, impairment of right ventricular 
diastolic function, and misleading long 
pressure half times. Although there was no 
significant impairment of right or left ventri- 
cular systolic function on echocardiographic 
examination in our patients, this does not 
exclude some degree of abnormal diastolic 
function. 

In our group mitral valve pressure half times 
showed only mild beat to beat variation, even in 
atrial fibrillation (0-35 ms) while there was 
considerable beat to beat variation across the 
tricuspid prosthetic valves (10-95 ms). This 
has been noted by other groups’ and probably 
represents more considerable changes in flow 
and valve orifice area with respiration and 
varying cardiac cycle length. This emphasises 
the importance of taking pressure half time 
measurements from several cardiac cycles 
especially for tricuspid prosthetic valves. The 
peak flow velocities across both types of normal 
tricuspid prosthetic valve were similar, but the 
five obstructed tricuspid valves showed a sig- 
nificant increase in peak velocity, ranges 0:6- 
1-6 v 1-53-L-94 m/s respectively. Interestingly 
there was no significant difference in peak 
velocities between mitral or tricuspid pros- 
thetic valves. 

Unfortunately all flow mapping techniques 
with either colour flow or standard pulsed 


Doppler have only a limited relation to the 
degree of valve regurgitation. Many of the 
limitations are similar to those found with 
contrast ventriculography—that is the size and 
pressure of the chamber into which regurgitant 
blood is flowing influence the contrast ventri- 
culographic appearances of the regurgitant dye 
and also the size of the regurgitant Doppler 
signal. So we may have missed an eccentrically 
placed leaking prosthetic jet with pulsed 
Doppler, and metal valves can create rever- 
berations that mask flow behind the prostheses, 
leading to blind spots when ‘the transthoracic 
approach is used for the pulsed Doppler 
sampling technique. Regurgitation was more 
common in the group with obstructed valves 
but in all this was judged to be mild, and this 
degree of regurgitation should not have inter- 
fered with the pressure half time or peak 
velocity results. 

We conclude that long term follow up of 
patients with prosthetic valves is required to 
assess the full role of Doppler echocardio- 
graphy in detecting and measuring dysfunction 
of the tricuspid prosthetic valve. The normal 
range of pressure half times for the Björk- 
Shiley and Carpentier-Edwards valves in the 
mitral position cannot be applied to valves in 
the tricuspid position. The valve seems to 
function well with very long pressure half times 
and we would be cautious about diagnosing 
valve obstruction/dysfunction on the basis of a 
prolonged pressure half time or increase in 
peak velocity alone. However, there may be a 
narrow dividing line between normal and 
abnormal tricuspid prosthetic valves and once 
this is passed valve dysfunction may quickly 
become apparent. Our study showed that a 
pressure half time of > 200 ms coupled with a 
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peak velocity of >1:6 m/s in the absence of 
severe regurgitation confirmed appreciable 
obstruction of the tricuspid prosthetic valve. 
We recommend that all patients with prosthetic 
valves should be examined by Doppler 
echocardiography soon after operation. Such a 
baseline characterisation of each individual’s 
Doppler values would make serial evaluation 
much more meaningful. 
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Changes in the pressure-volume relation of the 
right ventricle when its loading conditions are 


modified 


AN Redington, M L Rigby, E A Shinebourne, P J Oldershaw 


Abstract 
- Ventricular pressure-volume diagrams 
were obtained from the right ventricle in 
patients before and after relief of right 
ventricular pressure load, in patients 
with volume loaded right ventricles, and 
from the left ventricle in pdtients after 
the Mustard procedure for transposition 
of the great arteries. The patterns of 
ejection during pressure development 
and decline were similar in patients 
after relief of pressure load and in those 
with isolated volume load. A right ven- 
tricular pressure load, however, reduced 
ejection during the two “isovolumic” 
periods, and the overall shape of the 
pressure-volume loop resembled that of 
the normal left ventricle. Pressure- 
volume diagrams obtained from the left 
ventricle after the Mustard procedure 
were indistinguishable from the normal 
right ventricle, which accords with the 
hypothesis that the normal right ven- 
tricular contraction pattern is a con- 
sequence of loading conditions rather 
than a reflection of an intrinsic property 
of the myocardium. 


The pressure-volume characteristics of the 
normal right ventricle were described in an 
earlier study.' Briefly, the pressure-volume 
loop of the normal right ventricle is more 
triangular than that of the left, with poorly 
defined periods of isovolumic contraction and 
relaxation and a phase of ejection during the 
decline in right ventricular pressure. It was 
suggested that these differences were load 
dependent and therefore reflected the dif- 
ferent impedance characteristics of the sys- 
temic and pulmonary vascular beds. If this 
were the case, then large changes might be 
expected when the loading conditions of the 
right ventricle are modified. As yet there are 
no data on the pressure volume relation of the 
human right ventricle with varying loading 
conditions. 

We studied pressure-volume loops obtained 
from patients with various conditions that 
subject the right ventricle to differing loading 
conditions and from the left ventricle in 
patients after the Mustard operation, when 
the left ventricle acts as the pulmonary 
ventricle. 


Patients and methods 

PATIENT GROUPS 

Group I consisted of 16 patients (age range 1l- 
19, median 3-5 years) with raised right ven- 
tricular systolic pressure; 10 had a diagnosis of 
cyanotic tetralogy of Fallot, four had valvar 
pulmonary stenosis, and two cor pulmonale. 
The mean (SD) right ventricular peak systolic 
pressure in this group was 58 (9) mm Hg. 
Group 2 consisted of five patients with right 
ventricular volume load (age range 1-5-28, 
median 14 years). Three had an ostium secun- 
dum atrial septal defect and in two there was 
hemianomalous pulmonary venous drainage. 
Only patients with right ventricular peak sys- 
tolic pressures of <35 mm Hg were included 
(mean 30 (6) mmHg). The mean ratio of 
pulmonary to systemic flow in these patients 
was 2-2 (0-7) to 1. 

Group 3 consisted of 10 symptom free patients 
studied 1-6 years after total correction of 
tetralogy of Fallot. Right ventricular systolic 
pressure in this group was 28 (7) mm Hg and 
no residual intracardiac shunt was detected in 
any patient. Nine patients had undergone 
enlargement of the right ventricular outflow 
tract with insertion of a Dacron patch. Three 
patients had short early diastolic murmurs in 
the pulmonary area suggesting the presence of 
pulmonary regurgitation. Transannular repair 
(extending the patch across the pulmonary 
vaive annulus) was not performed in any of 
the patients. Some of the patients in this 
group and some in group | were included in a 
previous study to examine other aspects of 
right ventricular function after repair of 
tetralogy of Fallot.” 

Group 4 included three patients (aged 9, 9, 11 
years). All had undergone a Mustard repair of 
simple transposition of the great arteries. 
After this operation the right ventricle acts as 
the systemic ventricle and the left ejects into 
the pulmonary circulation. Left ventricular 
pressure-volume diagrams were obtained in 
these three patients who had normal pul- 
monary artery pressures and no obstruction of 
the left ventricular outflow tract. The left 
ventricular systolic pressure in this group was 
26 (5) mm Hg. 


METHODS 

All paediatric patients were studied during 
general anaesthesia with (alphaxalone- 
alphadolone acetate, Althesin) after 
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Figure 1 A normal right ventricular pressure-volume diagram llustratıng ejection 
during pressure development and decline. (Taken from Redington et al, Br Heart J 
1988;59:23-30, fig 4.) 


Figure 3 Right ventricular pressure-volume diagram from a patient with pulmonary 
stenosis. There are well-defined periods of isovolumic contraction and relaxation. 
Figure 2 Rgh ventricular pressure-volume diagram taken from a patient with 


tetralogy of Fallot. Ejection was occurring during pressure development but not during 
pressure decline. Maximum work and effective work are measured in mm Hg x ml. 
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premedication with trimeprazine. Adult 
patients were studied under local anaesthesia, 
without premedication. Biplane right (groups 
1, 2, and 3) and single plane left (group 4) 
ventriculograms were recorded by the meth- 
ods described previously.!? When the heart 
rate exceeded 100 beats per minute the cine- 
frame rate was increased from 50 to 75 
frames per second. Simultaneous pressure 
measurements were made with micromano- 
meter tipped catheters (Millar Instruments). 
The electrocardiogram, cineframe marker, 
and event mark were recorded to enable later 
synchronisation of pressure and volume data. 


ANALYSIS 
Only normally conducted beats were 
analysed; extrasystoles and immediate 


extrasystolic beats were excluded. Only beats 
recorded after the end of contrast injection 
were examined. Ventriculograms and pressure 
recordings were digitised with equipment des- 
cribed elsewhere.'? Right ventricular volumes 
were corrected with the regression equations 
derived from cast studies.’ Left ventricular 
volumes were estimated from single plane 
ventriculograms by the area-length method.’ 
Pressure-volume diagrams were drawn for 
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each patient and the following measurements 
made: 

(a) End diastolic volume index—that is end- 
diastolic volume corrected for body surface 
area (ml/m?) 

(b) Stroke volume index (m1/m?) 

(c) Cycle efficiency (%) 

(d) Percentage of ejection occurring during 
pressure rise 

(e) Percentage of ejection occurring during 
pressure fall 

The derivation of these indices has been des- 
cribed in detail elsewhere.’ 


STATISTICAL ANALYSIS 

All variables were expressed as the mean 
(SD). However, for the purposes of compar- 
ison, we did not assume that the variables 
were normally distributed and we therefore 
compared group data by the non-parametric 
Mann-Whitney U test. The null hypothesis 
was rejected ifp < 005. 


Results 
The table shows the data from all patient 


groups. For comparison we include our data on 
the normal right and left ventricle.'* 


RIGHT VENTRICULAR VOLUMES 
These measurements were not the focus of this 
study and so will be described only briefly. 
The end-diastolic volume index in groups 2 
and 3 was higher than normal (p < 0-02, 
p < 0-05 respectively) and higher than in 
group 1 (p < 0-05, p < 0-02 respectively). 
The stroke volume index in the volume loaded 
group (group 2) was higher than normal 
(p < 0-05), but otherwise there was no sig- 
nificant difference between the groups. The 
ejection fraction in groups 2 and 3 was lower 
than in the normal right ventricle (both 
p < 0-05), 


PRESSURE-VOLUME RELATIONS 

Group 1 Pressure-volume loops in patients 
with right ventricular pressure load were 
abnormal (compare fig 1 with figs 2 and 3). 
Their overall shape resembled that obtained 
from the normal left ventricle (fig 4). There was 
a well defined end systolic shoulder in all 
patients, with approximately 5% of ejection 
occurring during right ventricular pressure 
decline (p < 0:001 compared with normal). In 
nine patients (eight with tetralogy of Fallot 
and one with pulmonary stenosis) there was 
appreciable (> 10%) ejection during the pres- 
sure rise (mean change for group = 27%, 
p = NS compared with the normal right ven- 
tricle). There was a significant linear relation 


Data obtamed from pressure-volume diagrams from each of the four study groups (mean 18D). Data from the normal 
right and left ventricle are included for comparison. See text for details 


EDVI SVI 

(mfr) (mijm) 
Group 1 (pressure load) 66 (17) 42 (13) 
Group 2 (volume load) 105 (20) 55 (18) 
Group 3 (relief of pressure load) 92 (30) 48 5 (16) 
Group 4 (LV post-Muatard) 56 (6) 37 (4) 
Normal RV 64 (13) 43 (8) 
Normal LV 61 (9) 47 (9) 


Bjechon pressure Ejection pressure Cycle 

EF(%) me(%) fall (%) efficiency 

63(13) ° 2719) 5 (5) 0 74 (0 07) 
52 (12) 18 (9) 42 (24) 0-59 (0 04) 
52 (6) 40 (8) 30 (9 0 55 (0-01) 
66 (6) 26 (8) 36 (6 0 58 (0 06) 
62 £8 39 (4) 43 (9) 0-56 eens 
776 4(5) 0 0 78 (0 08) 


EDVI, end diastolic volume index’ SVI, stroke volume index; EF, ejection fraction. 
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Figure4 A normal left 
ventricular pressure- 

volume diagram. (Taken 
from Redington et al, Br 
Heart J 1988;59:23-30, 


fig 7.) 


Figure 5 Right 

pressure- 
mT a am from a 
a large atrial 
ae jee: Ventricular 
volumes were increased but 
the overall shape of the 
loop was simlar to that of 
the normal right ventricle 
(fig 1). 


Figure 6 Right 
ventricular pressure- 
volume diagram from a 
patient after repair of 


repair of transposition of 
the great arteries. The left 
ventricle (ej into the 

Voit praise had 
peas pressure-volume 
characteristics to the 
normal right ventricle (fig 
1). 
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between peak right ventricular pressure and 
percentage ejection during the pressure rise 
(r = —0:65,p < 0-05)... 

Group 2 The shape of the pressure-volume 
loops in these patients with right ventricular 
volume load was indistinguishable from that of 
the normal right ventricle. Cycle efficiency and 
percentage ejection during pressure fall were 
not significantly different from normal. In one 
case, however, there was no ejection from the 
right ventricle during pressure development 
(fig 5). This finding remains unexplained. 
Group 3 After the relief of right ventricular 
outflow tract obstruction there was a tendency 
for right ventricular end diastolic volume to 
increase, but this did not reach statistical 
significance. The loops from these patients 
showed significant differences, however. Cycle 
efficiency was lower (p < 0-005) as was per- 
centage ejection during pressure fall 
(p < 0:005). There was no difference in per- 
centage ejection during pressure rise. None of 





the measured loop variables was significantly 
different from normal. In eight of the patients 
the loops also showed an increase in volume 
during pressure fall (fig 6). In the absence of 
continued injection of contrast, filling through 
a ventricular septal defect, or through the 
tricuspid valve, this volume increase during 
pressure decline must represent pulmonary 
regurgitation. The measurement and relevance 
of this are discussed in a previous study.” 
Group 4 Left ventricular pressure-volume 
loops after the Mustard operation (fig 7) 
showed that 26% of ejection occurred during 
pressure rise and 36% during pressure fall (not 
significantly different from the normal right 
ventricle). Cycle efficiency was significantly 
lower than that for the normal left ventricle 
(p < 0-01) but was similar to values obtained 
from the normal right ventricle (p = NS). 

There was no significant linear relation 
between any of the indices measured and heart 
rate in any of the groups. 


Discussion 

The .accuracy and reproducibility of our 
method of measuring the volume of the normal 
right ventricle have already been established.’ 
The regression equations used to correct the 
angiographic estimate of right ventricular 
volume were obtained from the study of human 
and animal casts of the right ventricle. In our 
validation studies we tried to maintain the 
normal geometry of the right ventricular casts, 
particularly the normal curvature of the 
interventricular septum. Pressure or volume 
loading, however, are likely to change the 
normal geometry. Indeed, numerous echocar- 
diographic studies showed changes in right 
ventricular geometry, particularly the shape 
and position of the interventricular septum.” 6 
It may be incorrect, therefore, to apply these 
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regression equations, as is usually done, to the 
estimation of right ventricular volume in 
patients with pressure or volume load. Ideally 
regression equations appropriate to the condi- 
tion being studied should be obtained by 
studies of postmortem casts. But such studies 
are almost impossible to organise. Further- 
more, although absolute volume measurements 
may be subject to error, relative changes, 
frame-by-frame changes throughout the car- 
diac cycle for example, should be valid. There 
was a similar problem with measuring left 
ventricular volume in group 4. In these patients 
left ventricular volumes were measured by the 
area-length method, a method which assumes 
that the shape of the left ventricle is a prolate 
ellipsoid. After the Mustard operation the 
normal pressure gradient from the left to the 
right ventricle is reversed and consequently 
the position of the interventricular septum 
changes. The right ventricle becomes more 
circular in cross section and the left ventricle 
seems to be “wrapped” around it.’ Once again 
the use of a method that has been validated in 
the normal ventricle may be inappropriate 
when the normal geometry changes. As with 
the pressure and volume loaded right ventricles 
mentioned above, relative changes in volume 
(like those measured in this study) should, 
however, be maintained and examination of 
pressure-volume loops by the measurements 
described in this study (all of which are 
independent of absolute volume) should be 
valid. Furthermore, despite these potential 
errors, when groups 1, 3, and 4 (that is patients 
with no intracardiac shunting, and no valve 
regurgitation) were compared with normal 
individuals there was no significant difference 
between measurements of stroke volume, sug- 
gesting that any error introduced was small. 
The aim of this study was to document any 
differences between the normal right ven- 
tricular pressure-volume loop and loops 
obtained from the right ventricle as it is affec- 
ted by changes in its loading conditions. If, as 
was suggested previously,’ the shape of the 
normal right ventricular pressure-volume loop 
is dependent on the low pressure, high 
capacitance characteristics of the pulmonary 
vascular bed, then large changes might be 
expected when these conditions change. 
Group 1 consisted of patients with relative 
obstruction to outflow from the right ventricle. 
The level of obstruction varied within the 
group, however. It was predominantly 
subvalvar in those with tetralogy of Fallot, 
valvar in patients with pulmonary valve sten- 
osis, and at the arteriolar level in patients with 
pulmonary vascular disease. Despite these 
differences the shape of the pressure-volume 
loops in these patients was remarkably consis- 
tent. In particular, the occurrence of ejection 
during pressure decline, which was a striking 
feature in the normal right ventricular pressure 
volume loop, was absent when there was raised 
right ventricular pressure. In these loops there 
was a period of truly “isovolumic” pressure 
decline. Indeed, cycle efficiency and percen- 
tage ejection occurring during pressure decline 
were no different from those in the normal left 
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ventricle. One would expect from these 
observations that closure of the pulmonary 
valve would coincide with the onset of pressure 
decline—that is the “hangout” period, des- 
cribed by Shaver et al ° and discussed in detail 
elsewhere,'° should be shorter. This is indeed 
the case—the hangout period in the pressure- 
loaded right ventricle was similar to that seen in 
the systemic circulation.’ 

The percentage of ejection occurring during 
the pressure rise was not significantly different 
from that in the normal right ventricle of these 
patients, however. This cannot be explained on 
the basis of tricuspid regurgitation, which was 
not seen on the angiograms. It is possible that 
this finding represents early systolic shunting 
across the ventricular septal defect from the 
right to the left ventricle, but again this was not 
obvious from the angiograms. There was, 
however, a significant inverse linear relation 
(r = —0 65, p < 0-05) between right ven- 
tricular systolic pressure and the percentage of 
ejection occurring during the pressure rise, 
suggesting that this is a load dependent phen- 
omenon. The right ventricular outflow tract 
obstruction in tetralogy of`Fallot is often 
predominantly subvalvar and dynamic. The 
peak outflow tract gradient occurs late in 
systole, and so another explanation may 
therefore be that this phenomenon represents 
forward flow into the pulmonary artery, which 
is permitted by the relatively small outflow 
tract gradient during early systole. So it is 
interesting that eight of the 10 patients with 
tetralogy of Fallot but only one of the remain- 
ing six patients in this group had significant 
ejection during pressure development. 

Right ventricular pressure-volume loops 
from patients with volume load and after relief 
of pressure load had the characteristics of the 
normal right ventricle. Volume loading alone, 
without an increase in pulmonary artery pres- 
sure, led to an increase in right ventricular 
volume but did not influence the pattern of 
ejection. Similarly after relief of outflow tract 
obstruction the systolic portion of the loop was 
similar to normal. 

There seems little doubt, therefore, that the 
normal right ventricular pressure-volume loop 
reflects a series of load dependent phenomena. 
Some of these phenomena have been observed 
when the loading conditions of the left ventricle 
are manipulated. Ejection during pressure rise 
occurs when there is a low pressure “run-off’, 
in mitral regurgitation for example,” and 
animal experiments have shown that with 
extreme afterload reduction much of left ven- 
tricular ejection can take place during pressure 
decline." After the Mustard operation for 
transposition of the great arteries the left ven- 
tricle ejects into the pulmonary vascular bed. 
Thus there is a unique opportunity to examine 
whether the normal right ventricular pressure- 
volume loop is entirely dependent on its load- 
ing conditions or whether it, in addition, 
reflects an intrinsic property of the right ven- 
tricular myocardium. After the Mustard opera- 
tion the left ventricular pressure-volume loops 
were indistinguishable from those of the nor- 
mal right ventricle, with similar cycle efficiency 
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and percentage ejection occurring during pres- 
sure rise and fall. In another study pressure- 
dimension loops obtained from unoperated 
patients with simple transposition of the great 
arteries (obtained by M mode echocardio- 
graphy with simultaneous pressure 
measurements) showed a similar pattern.” 

What are the clinical implications of these 
findings? We have previously suggested that 
the measurement of isovolumic and end sys- 
tolic indices of right ventricular contraction 
may be invalid because of the lack of a truly 
isovolumic contraction period and the lack of 
adherence to the time-varying elastance (E) 
model of contraction, upon which end systolic 
indices—for example E mxare based. A poorly 
defined period of isovolumic contraction 
remains a feature of the right ventricular 
pressure-volume loop when there is pressure 
load but an isovolumic relaxation phase and 
end systolic shoulder, likely to coincide with 
Ean (as in the left ventricle), can be defined. 
Measurement of Ea should therefore be possi- 
ble for the right ventricle under these condi- 
tions. The slope of E,,,, is likely to be linear and 
vary with changes in inotropy, as has been 
observed for the canine right ventricle.” 
However, the validity of Ew: is based on its 
independence from loading conditions. In this 
study we have shown that this is clearly not the 
case, either for the right or for the left ventricle. 
The implications are clear. The measurement 
of Enx for the pressure loaded right ventricle 
should be possible, but its theoretical basis is 
unsound, and although they are often used to 
assess left ventricular contractility such 
measurements are open to the same criticisms 
as above and should be interpreted with cau- 
tion. 

We showed that the shape of the normal right 
ventricular pressure-volume loop depends on 
its loading conditions rather than reflecting a 
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specific property of the right ventricular 
myocardium. This may have important 
implications for the measurement of right 
ventricular function. 


We thank Dr D Gibson, Dr D Hughes, and Mrs S Jones for their 
help and advice throughout the course of this study. 
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Anomalous origin of the left coronary artery from 
the pulmonary trunk: elucidation with colour 


Doppler flow mapping 
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Abstract 
Four infants and children with anomalous 
connection of the left coronary artery to 
the pulmonary trunk were studied with 
colour Doppler flow mapping. In three 
the diagnosis was only suspected when 
the colour Doppler study showed dilated 
intraseptal and epicardial vessels and an 
abnormal flow signal into the pulmon- 
ary artery in diastole; this latter signal 
localised the exact site of communica- 
tion, which was not apparent on angio- 
cardiography. Two of these patients had 
previously had operations for severe 
mitral regurgitation, the diagnosis of 
anomalous left coronary artery having 
been previously considered in one but 
missed despite aortic root angiography. 
The colour study in the fourth was 
largely confirmatory, operation without 
catheterisation being undertaken on the 
basis of the echocardiographic images. 
By contrast in two infants subsequently 
seen with congestive cardiomyopathy the 
demonstration of flow direction in the 
left coronary artery confirmed that it 
was normally connected to the aorta. 
Colour Doppler flow mapping can 
show flow direction in the left coronary 
artery and from the mouth of an 
anomalous coronary artery into the 
pulmonary artery, thus simplifing the 
diagnosis and allowing the site of the 
connection of the left coronary artery to 
the pulmonary artery to be determined 
with precision. 


The demonstration of the origin of an 
anomalous left coronary artery from the pul- 
monary trunk with ultrasound can be difficult 
and surgical correction without catheterisa- 
tion has only recently been reported.’ Doppler 
ultrasound has the potential to show flow in or 
from an anomalous artery but although pulsed 
Doppler can show abnormal flow patterns in 
the pulmonary artery’ this is of limited value. 
Colour Doppler flow mapping will better 
show the site and direction of flow in or from 
a coronary artery in relation to the echocar- 
diographic image, and should thus resolve 
diagnostic difficulties in doubtful cases. 

We report on the findings with colour Dop- 
pler flow mapping in the assessment of four 


patients with anomalous connection of the left 
coronary artery to the pulmonary trunk, with 
particular reference to its value in providing 
information additional to that obtained with 
imaging ultrasound and angiography. In addi- 
tion, we report the Doppler ultrasound 
appearances of the coronary arteries in two 
infants with congestive cardiomyopathy 
examined after the benefits of the technique in 
such patients became apparent. 


Patients and methods 

Imaging and Doppler studies were performed 
using a Vingmed CFM 700 system. A routine 
M mode and cross sectional study was perfor- 
med and when the diagnosis of anomalous 
connection of the left coronary artery was 
suspected or considered the echocardio- 
graphic investigation was directed to the 
demonstration of the left coronary artery. The 
colour Doppler was used to show the direc- 
tion of flow in the left coronary artery or its 
main branches and to show flow from the 
anomalous artery into the pulmonary artery. 
The presence of flow signals in dilated epicar- 
dial and intraseptal collateral vessels was also 
sought. 

The origin of the left coronary artery may 
be confused with the transverse sinus in the 
short axis view of the great arteries.’ To avoid 
this mistake the distal part of the artery 
should be sought by tilting the transducer 
inferiorly towards the left ventricular outflow 
tract. In this view more of the proximal part 
of the artery (probably the anterior descend- 
ing) may be shown passing anteriorly. With a 
normal connection of the left coronary artery 
to the aorta the flow in this artery will be 
towards the transducer (red in fig 1). 


Results 
Four patients with anomalous connection of 
the left coronary artery have been diagnosed 
since the introduction of colour Doppler flow 
mapping to our unit in January 1987. One was 
diagnosed in infancy (2 months) and the 
others were aged 3, 6, and 7 years. Cardiac 
catheterisation was performed in two, and 
surgical reimplantation of the anomalous 
coronary artery in three, including one with- 
out catheterisation. 

Two infants with congestive cardio- 
myopathy were subsequently seen and the 
diagnosis of an anomalous left coronary artery 
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Figure 1 Colour Doppler flow mapping of modified short axis view of the great arteries 
in an infant with congestive cardiomyopathy showing the left main coronary artery lying 
behind the pulmonary artery. The ultrasound system displays flow away from the 
transducer as blue and towards it as red to orange. The red linear flow signal in the left 
coronary artery indicates flow towards the transducer. Flow is from the origin towards 
the bifurcation—that ts, normal flow direction. 
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Figure2 Colour Doppler flow mapping of short axis view of great artery origins in 
diastole showing flow from the anomalous coronary into the pulmonary artery (blue) 
just distal to the valve sinuses and insignificant pulmonary regurgitation (orange). 


was considered but not confirmed. Catheter- 
isation was undertaken in one who also had 
tuberous sclerosis with mitral regurgitation. 


ANOMALOUS LEFT CORONARY ARTERY: NO 
PREVIOUS OPERATION 

Two patients had clinical signs of mitral 
regurgitation. The first was found to have an 
asymptomatic murmur at 6 years of age with 
the electrocardiogram showing left ventricular 
hypertrophy but no ischaemic changes. The 
second presented at the age of 8 weeks with 
cardiac failure and ischaemic changes on the 
electrocardiogram. In both, echocardiography 
showed a dilated left ventricle with decreased 
contractility, affecting the posterior wall more 
than the septum. There were bright echoes 








from the papillary muscles, particularly the 
lateral one. An image of the aortic root 
initially suggested that the left coronary artery 
arose from the aorta, but that there was an 
enlarged right coronary in the infant. Spectral 
and colour Doppler confirmed the presence of 
mitral regurgitation. 


Patient 1 

In the first patient, the child of 6, the diag- 
nosis was not suspected clinically but routine 
colour study of the pulmonary artery showed 
flow from a discrete position in the medial 
wall just distal to the valve sinus into the 
centre of the vessel, most apparent in diastole 
fig 2). In this view a circular echo free space 
was then apparent at the point of origin of the 
flow and adjustment of the scanning plane 
showed this to be an artery with flow from it 
into the pulmonary artery. When this artery 
was traced medially it was shown that al- 
though it lay in close apposition to the aorta it 
did not enter it, and an image could be 
obtained showing the artery and the structure 
initially thought to be the coronary artery but 
presumed to be the transverse sinus.’ In addi- 
tion, the colour images of the septum and 
ventricular walls showed striking and abnor- 
mal flow signals (similar to those in fig 4 
described below) resulting from flow in 
dilated collateral vessels. 


Patient 2 

In the second case, the infant, the diagnosis 
was suspected on the basis of the clinical signs 
and the initial electrocardiographic and 
echocardiographic studies. A colour Doppler 
flow mapping study of the pulmonary artery 
again showed flow into the main pulmonary 
artery similar to that in fig 2. More detailed 
echocardiographic studies showed an artery 
arising from the pulmonary artery and bifur- 
cating; colour Doppler flow mapping showed 
that the flow was from the two branches into 
the main one (fig 3) and thus from the coron- 
ary artery into the pulmonary artery. Flow in 
the epicardial and septal vessels was not 
shown, presumably because the collaterals 
were not developed at this young age. 

In the older child catheterisation provided 
confirmatory images of the lesion before sur- 
gical reimplantation, which was undertaken 
without catheterisation in the infant. 


ANOMALOUS LEFT CORONARY ARTERY: PREVIOUS 
MITRAL VALVE SURGERY 

Two children who had undergone mitral valve 
repair or replacement at the ages of 6 months 
and 2 years were reassessed 3 and 5 years after 
operation. 


Patient 3 

One girl presented with cardiac failure and 
was diagnosed by angiocardiography as hav- 
ing endocardial fibroelastosis at the age of 4 
months, but at 23 months severe mitral regur- 
gitation with apparently improved function 
was diagnosed. The possibility of an 
anomalous coronary artery was considered but 
aortic root angiography was interpreted as 
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Figure 3 Colour Doppler 
flows mapping of still frame 
from video recording 
showing a high parasternal 
view of the pulmonary 
artery adjusted to show the 
anomalous vessel with flou 
blue and red) from its 
branches towards the left 
main coronary artery. 


Figure 4 Colour Doppler 
flow mapping of modified 
short axis view through the 
ventricles showing the 
ventricular septum with 
flow (orange) in the 
dilated collateral vessels in 
the myocardium of the 
septum. LV, left ventricle; 
RV, right ventricle 
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showing normal right and left coronaries. 
After mitral valve annuloplasty at 2 years 3 
months her condition improved considerably. 
At 8 years old she was symptom free. An 
ultrasound study performed to assess ven- 
tricular and mitral valve function showed sat- 
isfactory ventricular function and minimal 
regurgitation. 

The colour Doppler flow mapping study 
showed prominent flow signals in the septum 
fig 4) and ventricular walls; these were con- 
sidered to be in dilated intraseptal and epicar- 
dial vessels respectively. Study of the origins 
of the great arteries then showed a flow signal 
that was most clear in diastole passing into the 
right pulmonary artery just at the bifurcation. 
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The coronaries were then examined in detail 
and showed a large right coronary artery but 
no left coronary artery arising from the aortic 
root. There was also a dilated vessel with flow 
from it into the right pulmonary artery just 
distal to the bifurcation (fig 5). Subsequent 
right coronary angiography confirmed that 
there was an anomalous left coronary artery 
arising from the pulmonary artery, but its 
exact point of origin could not be ascertained. 
At operation the anomalous artery was found 
to arise from the proximal right pulmonary 
artery as had been shown by Doppler examin- 
ation. Subsequent review of her original 
echocardiographic studies showed increased 
echogenicity of the lateral papillary muscle 
and a large right coronary. 


Patient 4 

The other patient presented at 5 months with 
cardiac failure and signs of mitral regurgita- 
tion. The electrocardiogram showed evidence 
of biventricular hypertrophy without 
ischaemia. Ventriculography confirmed severe 
mitral regurgitation and an aortic root injection 
was not performed. Valve replacement was 
undertaken and produced considerable clinical 
improvement. On review at 3 years he was well 
and the electrocardiogram showed evidence of 
borderline left ventricular hypertrophy but no 
ST changes. Colour Doppler showed dilated 
collateral vessels and flow into the pulmonary 


‘ artery from an anomalous coronary artery. 


Subsequent review of his original echocar- 
diographic studies showed an increase in the 
echogenicity of the papillary muscles, par- 
ticularly the lateral. He has not yet undergone 
surgical reimplantation. 
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Figure 5 Colour Doppler 
flow mapping of short axis 
view of great artery origins 
in diastole showing flow 
from the anomalous 
coronary into the 
pulmonary artery 

orange). Note that the 
signal and thus the artery 
origin ts into the right 
pulmonary artery (RPA) 
just distal to the 
bifurcation, different from 
that in figure 2. Flow in 
the aorta ( AO) is also 
coded in orange. 
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CONGESTIVE CARDIOMYOPATHY: NORMAL LEFT 
CORONARY ARTERY 

Patient 5 

An 8 month infant presented with cardiac 
failure, and left ventricular hypertrophy but 
little ischaemia on electrocardiography. 
Echocardiography showed a dilated and sym- 
metrically poorly contracting left ventricle and 
colour Doppler showed no abnormal flow 
signals. Short axis views of the great arteries 
showed an apparently normal origin of the left 
coronary artery. When the scanning plane was 
tilted inferiorly as previously described, the 
anterior extension of this artery was apparent. 
Colour Doppler showed flow in this artery 
towards the transducer (fig 1) and thus from the 
aorta towards the distal aspect of this artery, 
representing a normal connection. 


Patient 6 

In a 2 week infant presenting with cardiac 
failure echocardiography showed intramyocar- 
dial tumours suggesting the diagnosis of 
tuberous sclerosis which was confirmed by 
Wood’s light examination. Initial response to 
medical treatment was not continued and she 
became worse with mitral regurgitation and 
cardiac failure. Echocardiographic examina- 
tion suggested normal origin of the coronary 
arteries and colour Doppler showed a normal 
direction of flow in the artery, thus confirming 
the assessment. 


Discussion 
Anomalous origin of a coronary artery from the 
pulmonary trunk is a relatively uncommon 
lesion. Aortic root angiography can be incon- 
clusive* and the lesion may not be diagnosed 
without a selective injection into the right 
coronary artery. 

It is not sufficient to find that the origin of a 
coronary artery from the aorta cannot be shown 





by echocardiography; it may be that the origin 
has been missed. In addition, the transverse 
sinus of the pericardium has been mistaken for 
an aortic origin of the left coronary artery.’ 
Very rarely there can be origin of the circum- 
flex and right coronary arteries from the aorta 
with the anterior descending arising directly 
from the pulmonary artery.’ The presence of a 
dilated right coronary artery is helpful in 
distinguishing the lesion from dilated car- 
diomyopathy® but is not diagnostic and can be 
found in other defects. Furthermore, although 
an abnormal artery may be seen it was reported 
some years ago that it was not always possible 
with imaging ultrasound to trace it into the 
pulmonary artery.’ Modern imaging systems 
make the recognition more simple but although 
repair on the basis of the echocardiographic 
image after inconclusive angiography has been 
reported" we are aware of only one previous 
report of repair without catheterisation.' 

We consider that if the left coronary artery 
seems to arise from the aorta the scanning plane 
must be adjusted to show its distal course, and 
colour flow mapping should be used to deter- 
mine whether the direction of flow is normal as 
in fig 1 or abnormal as in fig 3. If modern high 
quality imaging and colour Doppler systems 
are used there should be little difficulty in 
determining the origin and direction of flow in 
the left coronary artery in infants but this may 
be less easy in older patients. Although the flow 
direction will vary with the pulmonary artery 
pressure, this is likely to be retrograde by the 
time signs and symptoms of anomalous left 
coronary artery become apparent. 

It is noteworthy that the cross sectional study 
in all four patients with an anomalous left 
coronary artery showed very bright echoes 
from the papillary muscles, presumably the 
result of ischaemic damage, which also resulted 
in mitral regurgitation. It thus seems that 
brightness of the papillary muscles and a 
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dilated right coronary artery should alert the 
examiner to the possibility of an anomalous left 
coronary artery if this was not previously 
suspected. 

In the three patients in whom the diagnosis 
was not suspected clinically it was only sugges- 
ted from the unusual flow signal in the pulmon- 
ary artery (fig 2) or dilated myocardial and 
epicardial collaterals vessels. The possibility of 
an anomalous left coronary artery in patients 
with the primary clinical feature of ‘mitral 
regurgitation has been highlighted by Norén er 
al. The appearance of flow in the collateral 
vessels is very striking and should alert the 
examiner to the possibility of the diagnosis; it is 
not clear at what age this becomes apparent but 
it is not likely in the early months before good 
collateral arteries have developed. The flow 
direction in the septal and anterior and pos- 
terior epicardial vessels was away from the 
transducer when it was in the subcostal and 
apical positions, indicating flow from the right 
coronary towards the anterior descending and 
circumflex coronary arteries. In the rare situa- 
tion of anomalous origin of the anterior 
descending coronary artery colour Doppler 
should show flow into the pulmonary artery. It 
ig to be expected that flow will be in the same 
direction in the septal and anterior epicardial 
collateral vessels but in the opposite direction 
(towards the transducer) in the posterior 
epicardial ones. This should facilitate the 
assessment of this condition which is otherwise 
very difficult to recognise. 

The site of connection of the anomalous 
coronary to the pulmonary artery is usually just 
distal to the pulmonary valve’ but this is not 
always the case (see patient 3) and angiography 
may not show its exact position. It can then be 
difficult for the surgeon to locate it, and colour 
Doppler provides the ideal means to demon- 
strate clearly the site of the origin. 

We consider that colour Doppler flow map- 
ping used with good imaging is the most 


appropriate ultrasound means for establishing 
the diagnosis of anomalous origin of the left 
coronary artery from the pulmonary artery. 
The clarity of this demonstration, by adding 
greatly to the other echocardiographic find- 
ings, will allow surgical repair without recourse 
to catheterisation in many patients. It provides 
a unique means to ascertain the exact site of 
origin of the anomalous artery and thus assists 
the surgeon in the technical approach to the 
procedure. 


JG ıs in receipt of a grant from the Equipment Evaluation 
Committee of the Scottish Home and Health Department. 
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Treatment of a malignant bronchial carcinoid 
affecting the mediastinum and left atrium by 
radical two stage resection with cardiopulmonary 
bypass and somatostatin infusion 


C Darby, M Sinclair, S Westaby 


Abstract 

At operation a malignant bronchial car- 
cinoid that had invaded the left atrium 
produced a carcinoid crisis in a 63 year 
old woman. A somatostatin infusion was 
required to resuscitate the heart and cir- 
culation and to allow subsequent resec- 
tion of the carcinoid under cardiopul- 


monary bypass. 


The malignant carcinoid syndrome has ex- 
cited clinical interest and posed a therapeutic 
challenge since its description 30 years ago. 
The disorder is usually associated with car- 
cinoid tumours of the small bowel that are 
metastatic to the liver. It may less often be 
seen in association with primary carcinoid in 
other sites such as the lung or stomach or, 
more rarely, with non-carcinoid tumours such 
as small cell carcinoma of the lung. Bronchial 
carcinoids are of fore-gut origin unlike the 
more commonly found ileal tumours which 
are of mid-gut origin. Fore-gut carcinoids 
usually do not possess the decarboxylase 
enzyme required for generation of serotonin 
(5-HT) from its precursor 5-hydroxytrypto- 
phan.’ Therefore 5-hydroxyindole acetic acid, 
which is usually present in the urine as a 
marker of the carcinoid syndrome, will often 
not be found. Peripheral conversion of 
precursor to serotonin can often occur in the 
liver, intestine, and kidney. Methyldopa may 
also block the decarboxylase enzyme. 

Bronchial carcinoid tumours rarely cause 
symptoms though “atypical” pulmonary car- 
cinoids with more aggressive cell type and 
clinical behaviour have been recognised.’ 
Radical surgical excision is recommended for 
these tumours.’ We describe a patient with a 
primary lesion which directly invaded the left 
atrium and with a large solitary metastasis in 
the posterior mediastinum. A two stage 
approach was required for excision. 


Case report 
A 63 year old white female non-smoker presen- 
ted with a nine month history of persistent 


distressing cough. For a month she had also 
had epigastric pain and flushing of the face. She 
was not taking methyldopa. There had been no 
diarrhoea or weight loss or other features of the 
carcinoid syndrome. Physical examination 
showed no abnormality. There were no cardiac 
murmurs. A chest radiograph (figure) showed a 
5 cm diameter mass at the right hilum with a 
further large paratracheal mass in the medias- 
tinum above the azygos vein. A computerised 
tomogram suggested that this was a solitary 
enlarged lymph gland. A provisional diagnosis 
of bronchogenic carcinoma was made based on 
these findings. 

Bronchoscopy, with the rigid Stortz scope, 
showed external compression of the lateral wall 
of the right bronchus intermedius and of the 
right tracheal wall but no intraluminal tumour. 
Mediastinoscopy was performed to obtain a 
histological diagnosis. The smooth tumour was 
easily located and a biopsy specimen was taken 
without event. Histology showed this to be a 
metastatic bronchial carcinoid; however, des- 
pite a history suggestive of hormone secretion, 
urinary hydroxyindole acetic acid estimations 
proved negative. Biochemical and haemato- 
logical screening tests were normal. Liver 
ultrasound and bone scans were unremarkable. 

Because there was no evidence of extra- 
thoracic spread surgical resection was con- 
sidered to be the treatment of choice. The first 
approach was by right thoracotomy which 
confirmed the preoperative findings. The 
mediastinal deposit measuring 10 cm by 8 cm 
was first mobilised and then excised without 
difficulty from the mediastinum. No other 
signs of tumour spread were seen and there 
were no adverse haemodynamic consequences. 
However, the pulmonary mass was situated 
centrally, between the superior and inferior 
pulmonary veins and seemed to invade through 
the pericardium at this point. Involvement of 
the hilum including the right main pulmonary 
artery above the fissure meant that pneumo- 
nectomy was required. However, an attempt to 
mobilise the lesion provoked profound hypo- 
tension (systolic <30 mm Hg) and there was 
no response to transfusion or massive doses of 
adrenaline. Interestingly, there was no con- 
comitant tachycardia. The tumour was highly 
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Posterior-anterior chest 
radiograph showing the 
right hilar bronchial 
carcinoid primary and 
azygos nodal metastasis. 





vascular and invaded directly into the cavity of 
the left atrium. At this stage we did not have 
somatostatin; this was obtained some 30 min- 
utes later. During this time the blood pressure 
remained below 50 mm Hg and the operation 
was abandoned despite persistent bleeding. An 
intravenous bolus (250 yg) of somatostatin 
increased the blood pressure immediately to 
normal (140/90 mm Hg). A continuous in- 
fusion of 250 ug/h was started but because the 
tumour secretion was so high supplies of 
somatostatin were exhausted in two hours and 
the blood pressure again fell to 30 mm Hg. The 
patient remained moribund for a further two 
hours despite transfusion of 61 of blood and 
intravenous hydrocortisone. When further 
supplies of somatostatin were obtained, blood 
pressure again returned to normal and she 
made a satisfactory recovery in the intensive 
care unit. 5 Hydroxyindole acetic acid estima- 
tions were repeated but were again negative. 

Three days later she returned to the operat- 
ing room for right pneumonectomy. A soma- 
tostatin infusion was started at a rate of 250 
ug/h before anaesthesia and was maintained 
throughout the operation. Median sternotomy 
was performed and a clotted right haemothorax 
was evacuated. Cardiopulmonary bypass was 
established before the tumour was touched. 
Exploration of the lung hilum confirmed that 
the tumour invaded directly into the cavity of 
the left atrium between the pulmonary veins. 
Pneumonectomy was performed with excision 
of the wall of the left atrium. This provided 
good tumour clearance. The mitral valve 
seemed normal and there was no haemo- 
dynamic instability. Perfusion pressure during 
cardiopulmonary bypass was 60-70 mm Hg. 
The defect was closed by direct suture and 
cardiopulmonary bypass was discontinued 
without difficulty. Somatostatin infusion was 
stopped eight hours after operation and the 
patient made a satisfactory recovery. 

Histology of the primary lesion confirmed 
that it was an “‘atypical” carcinoid tumour, 
though the hormone was not identified. 
Eighteen months after the operation the patient 
remains well. 
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Discussion 

Two types of carcinoid tumour are recognised 
by histology and by clinical behaviour. So 
called “‘typical’’ carcinoid has a characteristic 
histological appearance and patients with this 
tumour have a five year survival in excess of 
80°,. “Atypical” carcinoids (10-20%, of all 
bronchial carcinoids) show greater mitotic 
activity, nuclear atypia, and metastasis to 
lymph nodes. Five year survival when node 
involvement is found at presentation is only 
25%.74 

The diagnosis of carcinoid syndrome, with 
primary bronchial carcinoids, usually requires 
either extensive intrathoracic spread or hepatic 
secondary deposits. The patient described had 
neither but the tumour was able to secrete 
directly into the cavity of the left atrium and 
systemic circulation. The bronchial carcinoid 
syndrome has a characteristic pattern. The 
flush is prolonged, up to 24 hours, and may 
affect the entire body; there may be lacrima- 
tion, hypotension, periorbital oedema, and 
facial and salivary gland swelling.' The absence 
of 5-hydroxyindole acetic acid in the urine 
should not have surprised us because these 
tumours commonly lack the decarboxylase 
enzyme to convert precursor (5-HTP) to sero- 
tonin. More than twenty different mediators 
have been recognised and in our patient the 
clinical findings were more in keeping with the 
release of bradykinin, histamine, or substance 
P. Indeed, substance P has been shown to be 
100 times more potent a vasodilator than 
bradykinin and it causes flushing, bradycardia, 
and hypotension.’ Direct secretion of such a 
substance into the left atrium avoids the usual 
detoxifying action of liver or lung found with 
carcinoids at other sites. 

Somatostatin, discovered in hypothalamic 
tissue 13 years ago, is a naturally occurring 
hormone with pronounced inhibitory effects 
on the secretion of many endogenous peptides 
such as growth hormone, insulin, glucagon, 
and gastrointestinal peptides. Native somato- 
statin has been reported to be effective in 
blocking the carcinoid flush induced by pen- 
tagastrin, in reducing circulating concentra- 
tions of serotonin, and in controlling other 
symptoms associated with the carcinoid syn- 
drome. However, it has a limited therapeutic 
application because its short half life neces- 
sitates continuous intravenous infusion. 
Hypertensive crises can also occur during 
anaesthesia in patients with carcinoid tumours 
that secrete serotonin. Somatostatin was re- 
ported to reverse a potentially lethal carci- 
noid crisis during induction of anaesthesia.’ 
Certainly in our patient somatostatin 
dramatically and repeatedly reversed cir- 
culatory collapse in a carcinoid crisis in which 
5-hydroxyindole acetic acid was not found. 
Excision of the tumour with cardiopulmonary 
bypass would have been impossible without 
continuous somatostatin infusion because 
sudden profound vasodilatation would have 
emptied the bypass circuit and brought the 
extracorporeal circuit to a halt. The circula- 
tion was completely unaffected by adrenaline 
infusion during the carcinoid crisis. 
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Reversible impairment of myocardial function in 
hypoparathyroidism causing hypocalcaemia 


Miklós Csanady, Tamas Forster, Janos Julesz 


Abstract 

A 25 year old woman presented with 
severe myocardial dysfunction. Labora- 
tory tests showed hypocalcaemia caused 
by hypoparathyroidism. After the res- 
toration of normal concentrations of 
serum total and free ionic calcium indices 
of left ventricular function returned to 
normal and her symptoms disappeared. 


The important role of calcium ions in the 
contraction of cardiac muscle fibres is well 
known.! None the less, there are few reports of 
well documented cases in which hypocalcaemia 
caused reversible myocardial dysfunction.?* 
We describe a patient in whom cardiac failure 
with a prolongation of the QT interval, 
cramps,’ and convulsions was caused by 
hypocalcaemia. Hormone assay showed 
hypoparathyroidism. 


Case report 

A 25 year old woman was first admitted to our 
department with a history of pulmonary 
oedema and congestive heart failure, which had 
been treated successfully in a district hospital. 
When we first examined her in 1983 there was 
no sign of heart failure. The heart sounds were 
normal. Acquired and congenital heart diseases 
were excluded. Haemodynamic examination 
showed that the left ventricular end diastolic 
pressure was 10 mm Hg and the left ventricular 
end diastolic volume was 170 ml. The cardiac 
index was 4-1 l/m". The QT interval was within 
normal limits. The patient said that she drank 
about half a litre of spirits every day. 

We diagnosed an alcoholic myocardial 
lesion; the patient’s condition improved when 
she stopped drinking. The patient was mon- 
itored by echocardiography in the subsequent 
months and it seemed that she had been cured. 
She did not need any medical treatment. 

In April 1985 she had generalised convul- 
sions and was treated with antiepileptic drugs. 
But this did not stop the convulsions. Sub- 
sequently alopecia developed and her finger 


Data on admssion and before discharge 


Vartable On admassion 
Total serum calcium (mmol/l) 0-53 

Free rornuc calcrum (mmol/T) 032 
Inorganic phosphate (mmol/l) 3-25 
Tubular phosphate resorption (%) 

Magnesium (mmol/l!) 063 


nails became ridged. She was admitted for a 
second time in November 1985. She was grey 
and pale. Both Chvostek’s and Trousseau’s 
signs were present and she had temporary 
episodes of unconsciousness with convulsions. 

Her history did not include operations on the 
thyroid gland. The heart rate was 80 beats/ 
minute and the systemic arterial blood pressure 
was 110/70 mm Hg. The liver was enlarged by 
6 cm and there was mild oedema in the feet. 
The chest x ray showed a cardiac enlargement 
and evidence of severe pulmonary congestion. 
The QT interval was 0-64 s with negative T 
waves in leads I and V5—6 (fig 1). The echo- 
cardiogram showed left ventricular dilatation 
(end diastolic diameter 67 mm, end systolic 
diameter 58 mm). The ejection fraction was 
17% by radionuclide ventriculography with 
technetium-99m. The carotid angiogram, 
isotopic brain scintigram, electroencepha- 
logram, and skull and bone radiology were 
normal. Ophthalmological examination showed 
peripheral (mainly subcapsular) cataracts in 
the lenses which accorded with hypopara- 
thyroidism. The erythrocyte sedimentation 
rate was 45 mm/fhour and a complete blood 
count and urine analysis were normal. Serum 
concentrations of glucose, sodium, potassium, 
urea nitrogen, creatinine, haptoglobin, bili- 
rubin, aspartate aminotransferase, alanine 
aminotransferase, glutamyltransferase, alka- 
line phosphatase, acid phosphatase, iron, total 
iron binding capacity, total protein, and 
albumin were normal. The Coombs, Kiirten, 
latex, and lupus erythematosus tests were 
negative. The table shows the concentrations of 
serum total and free ionic calcium, magnesium, 
and inorganic phosphate on admission and 
before discharge. 

Concentrations of hormone (with methods of 
measurements and normal ranges in brackets) 
were as follows: urine 17-hydroxycortico- 
steroids 3-9 mg/24 hour (Porter-Silber 
colorimetry, 1-8-6-0 mg/24 h); 17-kerosteroids 
7-3 mg/24 h (Zimmermann colorimetry, 5-0- 
15-0 mg/24 h); serum cortisol 431 nmol/l 
(fluorimetry, 221-550 nmol/l); testosterone 
1:88 nmol/l (radioimmunoassay (RIA), 0-86- 


Before discharge Range 
198 190-2 50 
124 0 95-1 25 
167 100-1 70 
718 0 
098 0 50-1 00 
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Figure 1 12 lead electrocardiogram on admission (a) and before discharge {b}. The 
QT interval was initially 0-64 s. After restoration of the serum calcium it was 0-38 s. 
The heart rate was essentially unchanged 


Figure 2 Treatment 
regimen, indices of left 
ventricular function, and 
the change m QT interval, 
Serum concentrations of 


total calcium and free tonic 


calcium, and the serum 
concentration of ù inorganic 
phosphate. EF, ejection 
fraction; EDD, end 

diastolic P ai FS, 
fractional shortening. The 
percentage difference 
between the measured and 
tdeal QT intervals was 
calculated. 


2:77 nmol/l); calcitonin 8 pmol/l (RIA 
Mallinckrodt kit, 0-44 pmol/l); parathormone 
21:06 pmol/l (RIA Mallinckrodt kit, 15—60 
pmol/l). The parathormone was almost un- 
detectable. No further decrease in serum 
parathormone concentration was detected after 
intravenous administration of calcium. The 
typical clinical signs, the long QT interval, the 
increased tubular phosphate resorption, and 
the low serum concentration of parathormone 
were consistent with extreme hypocalcaemia 
and led to a diagnosis of hypoparathyroidism 
caused by a parathormone deficiency. Alcohol 
induced hypomagnesaemia may also have con- 
tributed to the impairment of parathormone 
release. We treated the patient with intraven- 
ous calcium and dihydrotachysterol drops. 


(mmol/t) 


Shortly afterwards the cramps disappeared; 
they have not recurred. 

Figure 2 shows the changes in the serum total 
and free ionic calcium and inorganic phos- 
phate, and also the left ventricular ejection 
fraction, fractional shortening, end diastolic 
diameter, and the effect on corrected QT 
interval. Serum concentrations of total and free 
ionic calcium correlated strongly with the left 
ventricular variables. These variables 
gradually increased during treatment, while 
the serum inorganic phosphate and corrected 
QT interval decreased to normal. Between days 
50 and 60, a dihydrotachysterol and calcium 
overdose produced high concentrations of cal- 
cium and a low concentration of phosphate. 
Later, an optimum regimen of oral calcium and 
dihydrotachysterol was attained. Since then 
the patient has remained well. She takes 500 mg 
calcium three times a day and 12 drops of 
dihydrotachystero]l. ‘Tubular phosphate resor- 
ption and other variables have returned to 
normal (table). 

Our patient had a sister who died of conges- 
tive heart failure at the age of 16. Congenital 
and acquired valve diseases were excluded. 
There was no satisfactory explanation for her 
death. 


Discussion 

Although free ionic calcium has a well defined 
role in myocardial contractility, there are few 
well documented reports of the association of 
hypocalcaemia and disturbances of myocardial 
contractility. Giles et al reviewed seven publi- 
shed case reports and presented an additional 
one of “reversible congestive cardiomyo- 
pathy”: all of these patients had hypoparathy- 


roidism and impaired myocardial function.” 
These cases suggested the role of hypo- 





calcaemia and hypomagnesaemia in the 
development of congestive heart failure in 
hypoparathyroidism, but they did not establish 
causal relations. In 1983, Ginsburg et al 
reported the case of a boy with severe 
congestive heart failure who had a low serum 
concentration of free ionic calcium.’ After this 
was restored to normal his myocardial contrac- 
tility improved. They reported a direct relation 
between the serum concentration of free ionic 
calcium and myocardial performance. Connor 
et al reported a case in which hypocalcaemia 
precipitated congestive heart failure, and 
restoration of the normal serum concentration 
of calcium produced a clinical recovery but 
they did not monitor left ventricular function.‘ 
Our data confirmed that an increase'in serum 
calcium (the total and free ionic calcium 
concentrations moved in parallel) caused an 
improvement in left ventricular function. 

The unexpected death of a young sister of 
our patient owing to congestive heart failure 
suggests the possibility of the familial 
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occurrence of congestive heart failure 
precipitated by hypocalcaemia.® Our 
case report shows that hypocalcaemia can 
cause reversible disturbances of myocardial 
contractility that resemble congestive 
cardiomyopathy. 


We thank Dr Istvan Marz (Railway Hospital, Budapest), Dr 
Tamas Jandky (Endocrinology Unit, Szeged), Dr Istvan Móczó 
(2nd Department of Medicine, Szeged), and Dr Tibor Szabó 
(Nuclear Medicine Department, Debrecen) for their help 
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Intrapericardial bleomycin for the management of 
cardiac tamponade secondary to malignant 


pericardial effusion 


M C Cormican, C R Nyman 


Abstract 

A patient with malignant pericardial 
effusion with cardiac tamponade was 
treated by the instillation of 
intrapericardial bleomycin. The tumour 
deposits elsewhere in the body continued 
to progress and eventually killed the 
patient, but drainage and one dose of 
intrapericardial bleomycin prevented 
further episodes of pericardial effusion. 


Malignant pericardial effusions are said to be 
responsible for one third of cases of cardiac 
tamponade.' This condition often presents as 
a medical emergency, though it can present 
gradually with progression of signs over 
several hours, or indeed days. The situation is 
usually life threatening and prompt adequate 
treatment is essential. Percutaneous drainage 
of the pericardial effusion produces instant 
relief of the signs and symptoms and instilla- 
tion of various substances, including anti- 
biotics (tetracycline) and chemotherapeutic 
agents (nitrogen mustard, thiotepa, mepacrine 
hydrochloride) have been used with varying 
degrees of success. Bleomycin is less often 
used in this condition but is efficacious. We 
describe a patient in whom intrapericardial 
bleomycin provided useful palliation, al- 
though the tumour was unresponsive to 
systemic chemotherapy. 


Case report 

A 53 year old man was admitted to the hospi- 
tal with a seven day history of dyspnoea on 
exertion and left sided chest pain. Examina- 
tion showed a regular tachycardia of 120 per 
minute, pulsus paradoxus, a raised jugular 
venous pressure, a blood pressure of 110/ 
70 mm Hg, and an enlarged lymph gland in 
the left posterior triangle of his neck. There 
was a moderate left sided effusion. Chest x ray 
showed a large heart with clear margins, a 
mass eroding the right third rib, and confir- 
med the left sided pleural effusion (fig 1a). 
The echocardiogram confirmed a large 
pericardial effusion (fig 1b). Cytological 
examination of the pleural fluid showed ade- 
nocarcinoma cells. Over the next 24 hours the 
patient’s condition deteriorated with symp- 
toms of dizziness and increasing breathless- 
ness, a rise in the pulse rate to 150 per minute, 
and a fall in systemic blood pressure to 100) 
60 mm Hg. At this stage we placed a per- 
cutaneous catheter in the pericardial sac using 
a Seldinger technique and drained 800 ml of 
heavily bloodstained fluid. This produced 
prompt relief of the symptoms and improved 
his signs. Adenocarcinoma cells were found in 
the pericardial fluid. 

Free drainage of the pericardial space via 
the catheter continued for four days, then 
5mg of bleomycin in 20 ml of water was 
instilled into the pericardial sac. The catheter 






Figure 1 (a) Chest x ray showing a left sided pleural 
effusion, cardiomegaly, and right apical shadow eroding 
the third rib. (b) M mode echocardiogram showing a 
large anterior and posterior pericardial effusion. 
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Figure 2. (a) Chest x ray showing considerable 
improvement in the heart shadow and left lower zone 
but with increase in size in the right apical shadow. (6) 
M mode echocardiogram showing complete resolution of 
the pericardial effusion. 


was then clamped and removed 24 hours later. 
No adverse effects were seen with this 
procedure, either during the acute period or 
afterwards. However, the chest pain that was 
present on admission persisted. Despite an 
extensive search for the underlying primary 
site, we found no evidence of tumours in the 
kidney, gastrointestinal system, bronchus, or 
pancreas. 

We thought that the tumour was probably 
pulmonary in origin. Despite the low response 
rate of lung adenocarcinomas to chemo- 
therapy, we believed that it was appropriate to 
give this man a trial of combination chemo- 
therapy. He was started on monthly courses of 
24 hour treatment with ifosfamide, etoposide, 
vincristine, and mesna. Despite continued 
tumour growth at other sites (including the 
neck, a right sided mass on chest x ray (fig 2a), 
recurrence of pleural effusion, and sub- 
sequently cerebral metastases), there was no 
clinical, radiological, or echocardiographic 
evidence of recurrence of the pericardial 
effusion (fig 2b) from the time of the initial 
diagnosis up to death 65 days after presenta- 
tion. 


Discussion 

It is better to use conservative measures rather 
than operation to treat cardiac tamponade 
secondary to malignant pericarditis.’ Agents 
that are instilled into the pericardial space 
include nitrogen mustard,’ radioactive gold,’ 
5-fluorouracil,’ tetracycline, and bleomy- 
cin. At present, the least toxic drugs for 
treatment of malignant effusions are tetracy- 
cline and bleomycin.’'® These are equally 
effective. There are, however, no com- 
parative data on the treatment of pericardial 
effusion. Published reports suggest that 
pyrexia and pain may be more common after 
the use of tetracycline.’ ° 
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Bleomycine is toxic at doses of 40 mg/m? 
much in excess of that required for control 
of pericardial effusion. We know of eight 
reported cases of the use of intrapericardial 
instillation of bleomycin. In six there was no 
recurrence of effusion up to the time of death 
and one patient survived for 434 days. The 
effusion recurred 14 days after treatment in 
one patient and at 2:5 months in another. No 
recurrence of effusion was noted after pericar- 
dial instillation of tetracycline in six patients.” 
Tetracycline and bleomycin seem to be 
equally effective but we believe that more 
information on treatment failures and adverse 
reactions is required to clarify the role of these 
agents in the treatment of this uncommon 
disorder. 
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Arterial microembolisation: an unusual 
presentation of dilated cardiomyopathy 


Robert L Gillespie, G Martin Mullen, Maria Rosa Costanzo-Nordin 


Abstract 

Systemic embolisation is common in 
patients with dilated cardiomyopathy. 
Microembolisation as a presenting sign of 
dilated cardiomyopathy, however, has 
not been reported before. A 37 year old 
woman in whom dilated cardiomyopathy 
presented as arterial microembolisation 
to the toes is described. 


Dilated cardiomyopathy is a clinical syndrome 
characterised by ventricular dilatation and 
associated systolic dysfunction in the absence 
of pericardial, valvar, or coronary artery dis- 
ease. The clinical presentation, course, and 
prognosis of dilated cardiomyopathy are highly 
variable. In most studies of the clinical presen- 
tation of dilated cardiomyopathy, embolism 
was identified as a frequent and serious com- 
plication of this disease.” It is estimated that at 
least 11% of patients with dilated cardio- 
myopathy have one or more embolic events 
during the course of their illness.’ The timing 
and severity of thromboembolism in patients 
with dilated cardiomyopathy are highly varia- 
ble. In some instances embolic events are 
clinically silent and are detected only at 
necropsy as peripheral infarcts in patients 
dying of progressive congestive heart failure. 
More commonly, embolism occurs long after 
the onset of clinical evidence of congestive 
heart failure.* In a few patients embolic events 
precede all other cardiac symptoms and the 
clinical effects of peripheral infarcts may 
overshadow the primary cardiac disease and 
confuse the diagnosis. Retrospective evaluation 
of these patients, however, has generally shown 
that radiographic cardiomegaly or electro- 
cardiographic abnormalities were present at 
the time of embolisation.** 

The systemic emboli described in patients 
with dilated cardiomyopathy are generally 
large and affect, in order of decreasing 
frequency, the lungs, the kidneys, the spleen, 
and the brain. The occurrence of arterial 
microemboli as a presenting feature of dilated 
cardiomyopathy has not been reported before. 
We describe a patient in whom arterial micro- 
embolisation was the presenting sign of dilated 
cardiomyopathy. 


Case report 

A 37 year old white woman was admitted to the 
hospital with severe pain and discoloration in 
both fifth toes. She had been in good health 


until a month before admission when she 
noticed a painless ‘“‘bluish discolouration” of 
the left fifth toe followed by similar changes in 
the right fifth toe. Two weeks before admission 
she had severe intermittent pain in both dis- 
coloured toes particularly at night. The pain 
was improved by walking and was partially 
relieved by analgesics. The pain was not 
exacerbated by exposure to cold. The patient 
did not report any symptoms of congestive 
heart failure including exertional dyspnoea, 
orthopnoea, paroxysmal nocturnal dyspnoea, 
and peripheral oedema. The patient had no 
history of arthritis or cerebrovascular disease. 
No history of rash, or symptoms attributable to 
a coagulation disorder, connective tissue dis- 
ease, or vasculitis were elicited. There was 
nothing relevant in the patient’s family history. 
The patient had consumed two ounces of vodka 
daily since the age of 18 and had smoked 40 
cigarettes a day for 15 years. 


PHYSICAL EXAMINATION 

Examination showed: blood pressure 110/68 
mm Hg, pulse 80 beats/min, respiration 16 
breaths/min, and temperature 36:5°C. Fundo- 
scopic examination did not show retinal 
haemorrhages, exudates, or other vascular 
abnormalities. Heart sounds were normal but 
there was a soft systolic ejection murmur along 
the left sternal border. The abdominal examin- 
ation was entirely normal. The right and left 
fifth toes were cool, cyanotic, and exquisitely 
tender. Peripheral pulses were within normal 
limits. Both affected toes showed increased 
sensitivity to pin prick but the neurological 
examination was otherwise normal. 

Blood chemistry values were normal. Com- 
plete blood count was normal except for a 
raised mean corpuscular volume of 112 fl. 
Prothrombin and partial thromboplastin times 
were normal. The erythrocyte sedimentation 
rate was 11 mm/h (Westergren). Antinuclear 
antibody, rheumatoid factor, and  cryo- 
globulins were not detected. Antithrombin 3, 
protein C, and complement concentrations 
were normal. 

The electrocardiogram showed T wave 
inversion in the inferior and precordial leads. 
The chest x ray showed slight enlargement of 
the cardiac silhouette. An aortogram and 
arteriogram of the toes were performed from 
the femoral approach. This showed occlusion 
of the digital arteries supplying the left fifth 
and third toes (figure). There was partial 
revascularisation from a collateral circulation. 
There was no angiographic evidence of 
atherosclerosis or vasculitis in the aorta or more 
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Arteriogram of the left foot showing complete occlusion of the digital arteries supplying 
£ tf í 


the left fifth and third 


arrow 


toes 


distal vessels. M mode and cross sectional 


echocardiography showed left ventricular 
enlargement, diffuse hypokinesis, and an apical 
mural thrombus. Radionuclide ventriculo- 
graphy showed a reduced left ventricular 


ejection fraction of 35°, left ventricular enlar- 
gement, and global hypokinesis. Coronary 
angiography did not show luminal narrowing 
in the coronary arteries. 

Because decreased left ventricular function 
could not be explained by coronary artery 
disease, right ventricular endomyocardial 
biopsy was performed to identify or rule out 
other myocardial abnormalities. Microscopy 
of the myocardial biopsy samples showed 
myofibre hypertrophy and increased inter- 
stitial fibrosis but no evidence of interstitial 
inflammatory infiltrates or myocyte necrosis 
consistent with the diagnosis of myocarditis. 
The small intramyocardial blood vessels seen 
in the endomyocardial biopsy samples were 
normal. The patient was treated with warfarin. 
The pain and cyanosis in the toes resolved 
within two months. The patient’s cardiac func- 
tion, monitored with serial physical examina- 
tions and = radionuclide ventriculograms, 
improved progressively. A radionuclide ven- 
triculogram performed nineteen months after 
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the initial presentation showed a left ven- 
tricular ejection fraction of 42°% and the disap- 
pearance of wall motion abnormalities. During 
the follow up period the patient did not drink 
any alcohol but she was unable to stop smoking. 


Discussion 

We report an unusual presentation of dilated 
cardiomyopathy in which systemic arterial 
microemboli preceded the symptoms and signs 
of congestive heart failure. Emboli to the lungs, 
kidneys, spleen, and brain are known to com- 
plicate the course of dilated cardiomyopathy 
and in some patients to precede all other cardiac 
symptoms.*> Kyrle et al reported that 
peripheral embolisation complicates dilated 
cardiomyopathy.’ In this series, however, 
peripheral emboli occurred in patients with 
known cardiac dysfunction and were not the 
presenting sign that led to the diagnosis of 
dilated cardiomyopathy. 

Ischaemia of the toes may be caused by 
peripheral vascular diseases including athero- 
sclerosis, Buerger’s disease, small vessel 
disease associated with diabetes mellitus, 
vasculitis, and microemboli. Angiography is 
helpful in identifying or ruling out these pos- 
sibilities. In our case there were no angio 
graphic changes of atherosclerosis, Buerger’s 
disease, or vasculitis of large or medium sized 
arteries. Abrupt occlusion of the digital arteries 
was seen. This picture is compatible with 
embolisation, a vasculitis limited to the small 
arteries, or diabetic vascular disease. Vasculitis 
was believed to be an unlikely diagnosis 
because there were no constitutional symptoms 
to suggest a systemic inflammatory process 
Nor did the laboratory data including a normal 
erythrocyte sedimentation rate, haemoglobin, 
and albumin, suggest an inflammatory vas- 
culopathy. There were no other symptoms or 
signs to suggest a connective tissue disease and 
all serological testing was negative. The 
presence of diabetes mellitus was excluded by 
the absence of symptoms and retinal changes 
attributable to this disease and by the finding of 
a normal fasting blood glucose. By exclusion of 
other causes, embolisation was considered the 
most likely explanation for the digital artery 
occlusions. 

The left ventricular mural thrombus seen on 
the cross sectional echocardiogram was the 
only identifiable source of the patient’s 
microemboli. 

The hypothesis that emboli originate from 
mural thrombi that form in the cardiac cham- 
bers as the result of blood stasis secondary to 
severely impaired systolic function is suppor- 
ted by the necropsy finding of cardiac thrombi 
in as many as 53% of patients with dilated 
cardiomyopathy.’ Other investigators have 
proposed that at least some embolic events in 
dilated cardiomyopathy are the manifestation 
of a generalised thrombotic tendency. This is 
suggested by a Japanese study of 36 patients 
with dilated cardiomyopathy. Four of these 
patients were young, suffered embolic events 
early in the course of their cardiac disease, 
which dominated the clinical picture, and died 
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within a year of the onset of heart failure.” 
Although a hypercoagulable state could not be 
conclusively ruled out in our patient, the nor- 
mal platelet count and normal coagulation 
studies make the possibility of a generalised 
thrombotic tendency unlikely. Another possi- 
ble cause of embolism in patients with dilated 
cardiomyopathy is arrhythmia.” Our patient 
was in normal sinus rhythm and she had no 
electrocardiographic evidence of intermittent 
atrial fibrillation or complex ventricular 
arrhythmias. 

Some investigators reported significant 
alterations in the activity of mitochondrial 
enzymes in the myocardial biopsy samples of 
patients with a history of excessive alcohol 
intake.’* On the basis of this finding it has been 
suggested that enzyme analysis of the biopsy 
samples may distinguish heart failure owing to 
alcohol from other causes of dilated cardio- 
myopathy. Biochemical analysis of the 
myocardial tissue was not performed in our 
patient. Three aspects of our patient’s clinical 
picture, however, suggest that an unusual 
reaction to alcohol may have contributed to her 
cardiac dysfunction. These include a history of 
alcohol intake, the raised mean corpuscular 
volume, and the improvement of left ven- 
tricular function after she stopped drinking 
alcohol. Reversal of alcoholic cardiomyopathy 
has been previously reported by several 
investigators." Recent experimental 
evidence suggests that alcohol, by altering 
major regulatory mechanisms in the cell, has a 
direct toxic effect on the myocardium. "! ° Thus 
it is possible that removal of the toxic insult 
improves cardiac function. 

Another reversible cause of dilated cardio- 
myopathy is myocarditis... Myocardial in- 
flammation was not seen on the patient’s 
endomyocardial biopsy samples and she had 
no prodromes attributable to a viral infection. 
But because the diagnostic value of an endo- 
myocardial biopsy specimen is limited by the 
possibility of sampling error, spontaneous 
resolution of myocarditis cannot be excluded in 
our patient.” 

Peripheral microemboli originating from a 
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cardiac mural thrombus can be the presenting 
symptom of dilated cardiomyopathy. Thus this 
disease entity should be identified or ruled out 
in patients showing evidence of peripheral 
microembolisation even when there are no 
symptoms of congestive heart failure. 
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Pulmonary arterial occlusions and aneurysms: a 
forme fruste of Behcet’s or Hughes-Stovin 


syndrome 


Simon Bowman, Michael Honey 


Abstract 

A patient is reported with pulmonary 
arterial occlusions and aneurysms and 
recurrent haemoptysis. He gave a his- 
tory of recurrent arthropathy and 
febrile illnesses; though he had had no 
other features of Behget’s or Hughes- 
Stovin syndrome his disease probably 
fell into this broad diagnostic category. 


Thrombotic occlusions and aneurysms of pul- 
monary arteries occur in Behçet’s syndrome 
and in the closely related Hughes-Stovin syn- 
drome. In the patient reported here, similar 
lesions occurred though he did not fulfil the 
criteria for the diagnosis of either of these 
syndromes. 


Case report 

A 27 year old Iraqi, resident in Turkey, was 
well until 1986 when he had an intermittently 
swollen right knee for six months. Later in 
1986 a right pleural effusion developed; this 
was thought to be infective and was treated 
with antibiotics. Two months later he had a 
febrile illness thought to be a chest infection 
and was again treated with antibiotics. In 
1987 he had fever and recurrent haemoptysis 
and was treated with rifampicin and strep- 
tomycin for eight months for suspected tuber- 
culosis. Recurrent haemoptysis continued, 
with one major episode requiring transfusion. 
In February 1988, a scalene lymph node 
biopsy, bronchoscopy and biopsy, and 
mediastinotomy and biopsy gave no diagnos- 
tic information. In May 1988 he had a com- 
puted tomographic scan of the chest and pul- 
monary arteriogram (digital subtraction 
analysis). 

In December 1988 he was examined at our 
hospital. He complained of breathlessness, 
but had had no haemoptysis for two months. 
There was no other relevant past medical 
history, in particular no history of orogenital 
ulceration, ocular or cutaneous lesions, or 
venous thrombosis in the legs. He had smoked 
20 cigarettes a day until two years before, 
drank no alcohol, and had lost weight during 
his illness. 

On examination he looked well but was 
thin. He was afebrile, with pulse rate of 80 per 
minute in sinus rhythm, and blood pressure 
was 130/60 mm Hg. The venous pressure was 
normal with no oedema; there was a widely 
split S, but no other abnormal cardiac signs. 
The chest was clinically clear. 


INVESTIGATIONS 

The electrocardiogram was normal. A chest x 
ray showed a normal sized heart and a round 
opacity 2 cm in diameter above and behind a 
prominent left hilum. There was bilateral 
basal pleural thickening with some elevation 
of the left diaphragm (fig 1). 

A full blood count showed evidence of mild 
iron deficiency anaemia (haemoglobin 
117 g/l). The erythrocyte sedimentation rate 
was 18 mm in one hour. Routine biochemical 
investigations gave normal results. A routine 
clotting screen and haemoglobin electro- 
phoresis were normal. Urinalysis was normal. 
An autoantibody screen (including double 
stranded DNA antibodies) was negative, as 
were the Venereal Disease Reference 
Laboratory test and the haemagglutination 
tests for Treponema pallidum, and tests for 
hepatitis B surface antigen, rheumatoid factor, 
anti-cardiolipin antibodies, and anti-neutro- 
phil cytoplasmic antibodies. Protein C con- 
centration was 54°, of normal, protein S 
110%, and the antithrombin III concentra- 
tion was 96°, of normal. 

The computed tomogram performed in 
Turkey showed enlarged hilar lymph nodes 
and confirmed the chest x ray findings. 

The digital subtraction angiogram also per- 
formed in May 1988 showed multiple pul- 
monary arterial aneurysms of the right lower 
lobe pulmonary artery, left pulmonary artery 
at the hilum, and in the left mid-zone. There 
was decreased pulmonary vascularity in the 
left lower zone and right middle zone (fig 2a). 





Figure 1 
projection). 


Chest radiograph ( postertor-anterior 
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Figure 2 Pulmonary 
arteriograms in (a) May 
1988 (digital subtraction 
analysis) and (6) 
December 1988. 





Pulmonary arteriography performed at the 
Brompton Hospital in December 1988 showed 
an occluded left lower lobe pulmonary artery, 
occlusions of most vessels to the right lower 
lobe, and a single 2 cm aneurysm in the left 
mid-zone (fig 2b). The pulmonary artery 
pressure was raised (43/10, mean 25 mm Hg) 
and arterial oxygen saturation was 96°,,. 

Lung function tests showed normal lung 
volumes with a low transfer factor. On formal 
exercise testing he achieved a maximum 
oxygen uptake of 1678 ml/min (52% of 
predicted normal). Though resting blood 
gases were normal, desaturation occurred on 
exercise (Pao, 8:25 kPa, saturation 90%); a 
high resting alveolar-arterial gradient 
increased during exercise. There was an 
abnormal heart rate response and an abnormal 
ventilatory response to exercise. 

After these investigations the patient 
decided to return to Turkey and has been lost 
to follow up. 


Discussion 

Pulmonary artery aneurysms are uncommon 
in thromboembolic disease but do occur in 
association with Behcet’s disease.’ This is a 
systemic disease of unknown aetiology, which 
is thought to be a vasculitis,'* with an unusual 
geographical distribution, mainly in Japan, 
the Mediterranean, and the Middle East.’ The 
major criteria for the diagnosis are orogenital 
ulceration, ocular and cutaneous lesions, and 
thrombophlebitis’; none of which was present 
in this patient. Minor criteria include arthro- 
pathy, which he had had. In 1959 Hughes and 
Stovin described a syndrome of pulmonary 
artery aneurysms and thrombotic occlusions 
in association with systemic venous thrombos- 
is.° Since then several more cases have been 
described, mainly in young men, with 
haemoptysis a prominent and often fatal 
feature.°*’ Venous occlusion is also common 
in Behcet’s disease,'* and in view of the clin- 
ical and radiological similarities between the 
two syndromes it has been suggested that they 
may have a similar pathogenesis.’ '” Because 
our patient did not have a clinical history of 
previous systemic venous thrombosis this was 





not a case of classic Hughes-Stovin syndrome, 
but the pulmonary features and the history of 
systemic illness suggest that his disease falls 
within the same group of disorders. 

Only one of the aneurysms shown on the 
digital subtraction pulmonary angiogram in 
May 1988 was evident on the pulmonary 
arteriogram obtained seven months later. It 
seems likely that there had been thrombosis of 
the feeding arteries during the intervening 
period. Recurrent or progressive vascular 
occlusions had resulted in increasing breath- 
lessness and desaturation on exercise and 
could lead to irreversible pulmonary hyper- 
tension or respiratory failure, if haemoptysis 
does not prove fatal. 

Steroids alone or with an immunosuppres- 
sant have been suggested as the first line of 
treatment,''' but because so few cases have 
been reported no controlled trials have been 
performed. These agents are not always effec- 
tive in preventing an unfavourable course 
even if some regression of aneurysms does 
occur.” Treatment with anticoagulants is 
potentially dangerous in view of the frequency 
of haemoptysis as a cause of death in both 
pulmonary Behcet’s'® and the Hughes-Stovin 
syndrome.’ This clearly contrasts with the 
management of the usual forms of pulmonary 
thromboembolic disease. 

Though most patients with Behget’s or 
Hughes-Stovin syndrome present to pulmon- 
ary physicians or rheumatologists, it is impor- 
tant for cardiologists to be aware of the 
pulmonary vascular manifestations of these 
syndromes, particularly when classic 
extrapulmonary features of either syndrome 
are absent, as in this patient. 
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VIEWS FROM THE PAST Thomas Lewis 1918 








The recent happy discovery of two collections 
of historic photographs enables us to publish 
some pictures of the personalities who have 
contributed to the development of cardiology. 
Some of the members of the Cardiac Club were 
keen photographers; indeed Sir Thomas Lewis 
(1881-1945), its first chairman, was a dedicated 
bird-watcher from early in his career. We are 
grateful to Professor J D Hay of Liverpool for 
the loan of an extensive collection of glass slides 
taken over a 20 year period by his father, John 
Hay (1873-1959), one of the founders of the 
Cardiac Club. In addition (after the death last 
year of Sir Thomas Lewis’s widow) Dr Arthur 
Hollman was given a number of pictures, 
mainly of portraits of colleagues and friends of 
Lewis. When published, these will be 
designated as the Hay collection and Lewis 
collection respectively to indicate their 
provenance; we would welcome the loan of 
other pictures. 

The first of these pictures dates back to 1918 
and shows Lewis setting up his camera for bird 
photography at the Colchester Military 
Hospital, where studies on the effort syndrome 
were performed (Hay collection). 


DENNIS M KRIKLER 
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LETTERS TO 
THE EDITOR 





When does the risk of acute coronary 
heart disease in ex-smokers fall to that 
in non-smokers? 


Sir,—The paper by Dr Robinson and his 
colleagues (1989;62:16-9) used such com- 
pletely inappropriate methods that its con- 
clusions should not be accepted. First, it 
notes that, among patients with acute 
myocardial infarction or unstable angina, 
those who smoked were a lot younger than 


those who did not (and had slightly lower - 


serum concentrations of cholesterol and 
blood pressure), Next it notes that if smokers 
give up smoking, then after several years their 
other risk factors will, in aggregate, tend to 
get worse (one important reason for this 
being, of course, that the ex-smokers will 
inevitably get progressively older), untl the 
ex-smokers’ overall risk score resembles that 
of non-smokers. Finally——and this is what is 
completely wnappropriate—Robinson er al 
infer from these two observations that it takes 
several years after stopping smoking for the 
risk of myocardial infarction among ex- 
smokers to fall to that among non-smokers. 

Not only is the cited evidence irrelevant to 
this conclusion, but also the conclusion itself 
is wrong. Several large and epidemiologically 
appropriate studies of the effects of smoking 
cessation have already been done, and have 
indicated substantial benefit within a short 
ume of stopping smoking. 


RICHARD PETO 

Chaical Trial Service Umt 

and ICRF Cancer Studies Umt, 
RadechffeInfirmary, 

Oxford OX2 6HE 


This letter was shown to the authors, who reply 


‘ as follows: 


Sir,—Dr Peto’s difficulties with our inter- 
pretation of both our data and previously 
published research were ones that we dis- 
cussed in our paper. Our paper rested on this 
assumption: that people who get heart attacks 
have, roughly speaking, all reached the same 
point in the development of their coronary 
disease. Smokers, because they smoke, have 
lower levels of other risk factors. If ex- 
smokers have a rapidly declining msk after 
stopping we would expect to see only those 
ex-smokers whose heart attack came shortly 
after giving up smoking to present with risk 
factor levels typical of smokers. The other ex- 
smokers would have risk factor levels similar 
to those who never smoked. Our paper 
examuned data on patients after a first episode 
of myocardial infarction or unstable angina to 
see if this was so. Dr Peto’s criticism would be 
valid if we had examined a group of people in 
the general population, but what he does not 
take into account is that we assumed that all 
the patients in our study had equivalent 
progression of coronary disease. If one rejects 
this assumption one must of course follow Dr 
Peto in rejecting our conclusions, but it is an 
assumption that we believe to be tenable, if 
sumplistic, over large numbers of patients 
with coronary disease. We did not note that 
“f smokers give up smoking, then after 
several years their other risk factors will tend 
to get worse”. This conclusion could not, 


furthermore, be drawn from the data we 
presented and we believe the reverse to be 
true. 

Nor is the published evidence on smoking 


cessation as clear cut as Dr’ Peto suggests: ~ 


What are “substantial benefits” and what is 
“within a short time of stopping’? As we 
point out, some studies showing absence of 
added risk in ex-smokers were too small to 
detect the sort of risk we would expect, and 
although some large epidemiological studies 
have indeed shown substantial benefit, 
others, notably the report of Cook and his 
colleagues from the British Regional Heart 
Study,' have not 

It would be nice to think that a chronic 
ingult to the cardiovascular system such as 
smoking, which leaves a permanent legacy in 
other physiological systems, leaves behind no 
lasting change ın the risk of heart attack, but 
from the present state of the evidence this 18 
unproven. To treat it as proven, furthermore, 
would lead us to regard smoking in younger 
people as cardiovascularly safe, because they 
can give up before they reach the age at which 
they might have a heart attack. The question 
of a lasung residual msk from smoking is 
therefore an important one—too important, 
we believe, to regard as being answered by 
published studies. 


RONAN M CONROY 
KILLIAN ROBINSON 
RISTEARD MULCAHY 
Cardiac Department, 

St Vincents Hospital, 
Dublin 4, 


Republic of Ireland 


1 Cook DG, Shaper AG, Pocock SJ, Kussick SJ. 
Giving up sm g and the risk of heart 
attacks a report from the Brush Regional 
Heart Study. Lancet 198631:1376-80. 


Fatal intrathoracic haemorrhage after 
cardiopulmonary resuscitation and 
treatment with streptokinase and 
heparin 


Smr,—Haugeberg et al (19893;62:157—8) re- 
ported the death of a man who was treated 
with streptokinase after resuscitation by car- 
diac massage and electrical defibrillation after 
presumed early myocardial infarction. 
Previous cardiac massage 1s a well-known 
contraindication to treatment with throm- 
bolysis and so his death from massive mtra- 
thoracic haemorrhage is no surprise. 

My question has to do with the necropsy 
findings. We are not told whether there was a 
fresh thrombotic occlusion or any evidence of 
an acute event in a coronary artery or !ts 
muscular territory. The patient had ST seg- 
ment elevation on the electrocardiogram but 
no Q waves. The massive enzyme release was 
to be expected after massage and defibrilla~ 
tion and massage itself may cause pos- 
terobasal infarction through, mechanical 
trauma to the limp empty heart. 

Had this patient who died from haemor- 
rhage after resuscitation and streptokinase 
had a coronary artery occlusion? I was surpr-~ 
ised that the necropsy report made no men- 
uon of the coronary arteries. 


CELIA M OAKLEY 
Department of Chmcal Cardiology, 


London W12 0HS 


This letter was shown to Dr Haugeberg, who 
replies as follows: 


Sm,—Examination of the coronary arteries 
showed that the left anterior descending and 
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right coronary arteries had several ath- 
eromatous plaques but no significant sten- 
oses. The left circumflex artery had a narrow 
lumen with a stenotic area 3 cm distal to its 
origin. In this area there ‘was intimal dis- 
coloration compatible with the presence of a 
lysed thrombus. There were several other 
atheromatous plaques distal to this stenosis 
but no signs of other thrombi. 

The myocardium showed signs of recent 
transmural infarction affecting the posterior 
wall of the left ventricle, including the pos- 
teromedial papillary muscle. 

These findings support the diagnosis of 
posterior myocardial infarction secondary to 
a thrombotic occlusion of the left circumflex 
coronary artery. 

GLENN HAUGEBERG 
Naerlandhemmen, 


4350 Naerbo, 
Norway 
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REVIEW 





Heart Disease in Women. Ed Pamela S 
Douglas. (pp 316; £50) (Vol 19/3 of Car- 
diovascular Clinics. Ed AN Brest). 
Philadelphia: FA Davis Company, 1989. 
ISBN 0-8036-2751-3 


On first thought there does not seem to be a 
need for a book on heart disease m women, 
because the effects on the heart and cir- 
culation of the most important difference 
between men and women are well covered by 
chapters on pregnancy in standard car- 
diological texts—-a good example being that 
by Perloff in Braunwald’s Heart Disease. 
There 1s also Szekely and Snaith’s Heart 
Disease and Pregnancy, a classic monograph 
based on three decades’ of clinical experience 

First thoughts on this new volume are 
vindicated by the second chapter, on the 
cardiovascular response to exercise, which 
concludes after 18 fact-filled pages that the 
overall response of the cardiovascular system 
to exercise is similar in men and women. 
However well written, accounts of conditions 
that have similar mantfestations in erther sex 
are gratuitous in. such a book, and could 
equally well appear under the ntle “Heart 
Disease in Men”. 

In the section on pregnancy and heart 
disease, Oakley advises against the use of 
tissue valves ın women planning a family, and 
states that there ıs no justification for using — 
heparin rather than warfarin during the first 
part of pregnancy. In a later chapter on 
therapeutics and management during 
pregnancy, contrary opinions are offered by 
Rutherford and Hands. One would have to 
look elsewhere, perhaps to Textbook of 
Medical Treatment edited by Girdwood and 
Petrie, for a full and balanced account of 
reproductive prescribing. There are 
duplicated accounts of the physiological 
changes of pregnancy and there are other 
signs of deficient editorial control, my 
favourite being ‘“‘bibasilar rales can 
occasionally be heard bilaterally” 

The section on coronary heart disease in 
women is excellent, with a breadth of view 
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that is lacking from the symposium 
proceedings Coronary Disease m Young 
Women edited by Oliver. Information on 
epidemiology, risk factors, diagnostic testing, 
and treatment are brought together in a 
scholarly review. A whole chapter by 
Osbakken is devoted to exercise testing in 
women, which poses particular problems, not 
entirely because the pretest probability of 
coronary artery disease is less than that in 
men. Diagnosis of coronary disease by 
probability analysis combining clinical 
findings and several test results is discussed 
and illustrated with a comprehensive 
nomogram based on the work of Patterson 
etal. 

The key role of oestrogens in the protection 
of pre-menopausal women from coronary 
artery atherosclerosis, and a possible inter- 


action with social factors, is indicated by an 
account of studies in macaque monkeys. Low 
status monkeys had depressed ovarian 
function and more coronary atherosclerosis 
than their overbearing sisters. There 1s a 
tmely account of the related topic of oes- 
trogen replacement therapy and coronary 
disease. 


The final section of this collanon is a 
consideration of selected diseases including 
systemic and pulmonary hypertension, mitral 
valve prolapse, rheumatic heart disease, and 
cardiomyopathy. The prevalence of all these 
conditions is different in women and men. 


While it may be helpful to have this set out ` 


within one set of covers it does not make for 

interesting reading. 
Nowhere is there a mention of syndrome X. 
JOHN RAWLES 


Book reviews 





NOTICES 


British Cardiac Society 

The Annual General Meeting will take place 
at the English Riviera Centre, Torquay on 22 
to 25 May 1990. The closing date for receipt 
of abstracts is 19 January 1990. 





Receptors of the brain, lung, and heart 
A meeting entitled Receptors of the Brain, 
Eung and-Heart: State.of the Art will be held 
on 24 and 25 May 1991 at the Hotel Okura, 
Amsterdam. Further information from Cader 
Research BV, PO Box 85, 4854 ZH Breda/ 
Bavel, The Netherlands. 
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Editorial 





Should coronary angiography be performed in district 


* hospitals? 


Arrangements for the optimal distribution and delivery of 
specialist cardiological care are haphazard to the point of 
being kaleidoscopic. Changes both in the type of cardiac 
disorders requiring specialist assessment and also in tech- 
nological advances—most strikingly in echocardiography 
and exercise testing—have effectively devolved triage to 
district general hospitals.’ With increasing indications for 
intervention the question whether coronary angiography 
should be provided by distict hospitals will undoubtedly 
have to be answered in the next decade. 

Questions about the provision of facilities are invariably 
complex because they encompass geographical, financial, 
clinical, professional, and political considerations. In such 
complex discussions, facts are often conspicuous by their 
absence. The article from St George’s Hospital in the 
current issue (page 74), however, describes the current 
risks of coronary angiography and the extent to which 
immediate access to cardiac surgery can reduce mortality 
associated with the unavoidable complications of the 
investigation.” 

The results show that case selection rather than the 
seniority of the operator was a major determinant of 
complications. Also the brachial approach was associated 
with a higher incidence of dissection of the main stem of the 
left coronary artery. This may be because the brachial 
approach is usually chosen for patients with clinically overt 
peripheral vascular disease, who are more likely to have 
severe coronary disease. The pre-shaped coronary artery 
catheters that were used from the arm may also have 
contributed to this association with dissection. Since the St 
George’s study 6 French gauge catheters have become 
more generally used and this refinement may have reduced 
the incidence of dissection of the main stem of the left 
coronary artery. 

Dr Stewart and his colleagues have confirmed that 
potentially fatal problems can still arise after coronary 
angiography and that emergency surgery is important in 
ameliorating the long term effect of these risks. There can 
be little doubt that to be effective surgery must be 
performed as soon as possible, with 4 hours being the limit 
for successful revascularisation.’ Against this, we have to 
offset the likelihood of an increase in mortality if patients 
have to join a waiting list at major regional centres rather 
than being investigated more quickly in a district hospital. 
Would locally based diagnostic coronary angiography 
hasten life saving surgical intervention for left main stem or 
three vessel coronary artery disease in patients without 


either unstable symptoms or severely impaired left ven- 
tricular function? The St George’s study quantifies one 
side of the equation—that is, the risks of investigation 
without surgical cover. Now the other side deserves 
attention. 

There is a third question associated with the provision of 
coronary angiography in district hospitals. If patients are to 
face an inevitably increased risk, albeit small in absolute 
terms, will the quality of images from the procedure in the 
district hospital without surgical cover justify this risk by 
improving and expediting management decisions? We 
recently looked at image quality on standard video tape 
recordings with an image intensifier at Newham General 
Hospital.‘ Vessel patency after thrombolysis was accurately 
assessed by the district hospital video images. The sen- 
sitivity for important disease in the circumflex artery was 
only 40% when the video images were compared with 
regional centre live film. This would inevitably have led to 
incorrect management decisions being made because of the 
inferior image quality. The cardiac surgeon who also 
assessed the video tapes reached a similar conclusion. 

The group from St George’s Hospital has shown that any 
trend towards devolution of diagnostic coronary angio- 
graphy away from the protective environment of on-site 
cardiac surgical cover will add a risk to the procedure. Such 
a change in the provision of resources should be considered 
only if appropriate capital investment is made to ensure 
that the diagnostic value of the resultant angiogram is 
sufficiently high to enable sound clinical decisions to be 
made and if it can be shown that the improved access to 
angiography is likely to reduce waiting list mortality. 

PETER MILLS 
The London Hospital, 
Whitechapel, 
London El 1BB 
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Major complications of coronary arteriography: 
the place of cardiac surgery 


J T Stewart, H H Gray, D E Ward, C W Pumphrey, D R Redwood, D J Parker 


Abstract 

The records of the catheter laboratory at 
St George’s Hospital between 1983-1988 
were reviewed to determine how often 
emergency coronary bypass surgery was 
performed because of a complication 
arising during elective coronary 
arteriography. A total of 11 216 cardiac 
procedures were performed; 5781 were 
confined to left ventricular angiography 
and coronary arteriography in patients 
with suspected coronary artery disease. 
Fourteen patients, whose investigation 
had been considered routine, suffered 
profound circulatory collapse during the 
procedure. Emergency cardiac surgery 
was undertaken in 13, with long term 
survival in 10. 

This experience suggests that, even in 
patients considered to be at low risk, there 
were major complications requiring 
emergency coronary surgery in at least 
2-4 per 1000 coronary arteriograms 
performed. Survival after emergency 
cardiac surgery in these patients was 
77%. These findings and the access to 
cardiac surgery should be considered 
when the development of facilities for 
cardiac catheterisation is planned. 


In Britain facilities for cardiac catheterisation 
have developed alongside those of cardiac 
surgery, usually within the same hospital. 
In recent years, however, the demand for 
cardiological services, both invasive and 
non-invasive, has expanded and it has been 
suggested that there should be greater 
responsibility for investigation and treatment 
in the district general hospitals. Under such a 
system, district cardiologists, many of whom 
are trained in invasive techniques, would be 
responsible for certain procedures that have 
traditionally been performed in the referral 
centres, such as permanent pacemaker implan- 
tation, and “low risk?” diagnostic cardiac 
catheterisation. 

Underlying this policy is the assumption that 
the risks of catheterisation without surgical 
back up at the same site would be negligible, 
because those patients who were clearly at high 
risk from the procedure, such as patients with 
unstable symptoms or pulmonary oedema, 
would still be studied at the referral centres. 
While it is true that most high risk patients can 


be identified readily, several major complica- 
tions of cardiac catheterisation, for which 
emergency cardiac surgery may be indicated, 
are unpredictable. 


Method 

We reviewed the records of our cardiac catheter 
laboratory to determine the frequency of 
unexpected major complications leading to 
emergency cardiac surgery. We restricted our 
review to patients being investigated because of 
chest pain (with left ventriculography and 
coronary arteriography) in an attempt to 
establish the probable minimum risk. 


Results í 
The records of the cardiac catheter laboratory 
at St George’s Hospital, London for the years 
1983-1988 were reviewed. In the 6 years 
studied, 11216 cardiac procedures were 
performed. Left ventricular angiography and 
coronary arteriography in patients with 
suspected coronary artery disease was the sole 
investigation in 5781 cases (79% men, 21% 
women). The remaining 5435 patients under- 
went pacing procedures, electrophysiological 
studies, pericardial tap, percutaneous coronary 
angioplasty, endomyocardial biopsy, or were 
investigated for the assessment of valve disease 
(including percutaneous balloon dilatation of 
valves), or after previous coronary artery 
bypass surgery. Patients who were clearly at a 
higher risk from coronary arteriography, such 
as those with post-infarction ventricular septal 
defects (n = 31), were also excluded from this 
analysis. Included in the 5781, however, is an 
unknown number of patients who were studied 
as emergencies because of unstable angina, but 
who had no catheter-related complication. 

Eighteen (0-3%) of the 5781 patients were 
referred for urgent operation because of acute 
coronary dissection (n = 6), acute coronary 
occlusion (n = 7), severe global ischaemia 
(defined as persistent electrocardiographic 
change, chest pain, and hypotension after 
contrast injection into the coronaries (n = 3), 
or deterioration of pulmonary oedema (n = 2, 
left ventriculography not performed). In each 
case the decision to request urgent surgical 
assistance was made by a consultant cardio- 
logist. 

Retrospective review of the case notes 
showed that four patients (three men, one 
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Patient 


1 


2 


_ 3 
4 


12 


13 


Route 


Femoral 
Brachial 


Femoral 
Femoral 


Brachial 
Brachial 


Brachial 
Femoral 
Femoral 


Brachial 


Brachial 
Brachial 


Brachial 





CAD Complication Outcome Postoperatrus ECG 
2VD Occluded LMS. Sternal abscess Generalised T wave flattening 
(LAD and Cx) Hypotension 
? Dissection LMS. Symptom free Loss of R wave voltage in anterior leads 
Hypotension, ECM 
? Occluded LMS. Symptom free Loss of R wave voltage in anterior leads 
SVD (LAD) Dissection LMS Reduced effort tolerance Anterior Q waves 
Hypotension, ECM Impaired LV function 
3VD Asystole, and hypotension Symptom free No change 
with RCA injection Paced 
SVD (LAD) Cx dissection. Anterior Symptom free Anterior Q waves 
ST segment clevation. 
Pain, hypotension 
2VD RCA dissection Inferior Symptom free No change 
(LAD and OM) ST segment elevanon 
3VD with Hypotension and Symptom free No change 
LMS stenosis bradycardia i 
2VD Occluded LAD, No cardiac symptoms Anterior Q waves 
(LAD and RCA) Anterior ST segment Pedal gangrene 
elevation. Hypotension 
3VD Cx occlusion. Pain Symptom free Loss of R wave voltage in anterior leads 
Hypotension Widespread ST 
segment depression 
3VD Hypotension and VF Died on bypass 
after LV angiogram. ECM 
3VD with LMS dissection Hypotension. Died 2 days postop. Anterior Q waves 
LMS stenosis ECM. Widespread Persistent low output state RBBB 
segment elevation 
? LMS dissection. Died 6 weeks postop Anterior Q waves 


Hypotension, asystole 
low output state 


Below knee amputation, 





LMS, left main stem coronary artery, LAD, left anterior descending coronary artery, Cx, circumflex coronary lg RCA, n 


marginal branch of circumflex coronary artery, ECM, external cardiac massage, LV, lefi ventricular, VF, ventricular fi 


SVD, single vessel disease, 2VD and 3VD, two and three vessel coronary artery disease 


woman; age 56-74, mean 64 years) had clearly 
been at high risk before the procedure. All had 
continuing chest pain despite maximal medical 
treatment, and three had pulmonary oedema at 
the time of catheterisation. All underwent 
emergency coronary artery bypass surgery, but 
none survived to leave hospital. These high risk 
patients are excluded from further analysis. 

In the remaining fourteen patients (0-24% of 
the total) who were referred for urgent surgery 
(eight men, six women; age 43-70, mean 59 
years) the investigation had been considered 
routine and eight were day case procedures. 
Acute coronary dissection occurred in six 
(43%), acute coronary occlusion in five (36%), 
and global ischaemia in three (21%). 

There was multivessel coronary artery 
disease in eight (57%) patients, but significant 
left main coronary artery stenosis was seen in 
only two patients. There was obstruction of the 
left main coronary artery (from either dissec- 
tion or occlusion without dissection) in six 
(43%): in three the proximal coronary anatomy 
remains unknown, one had severe triple vessel 
disease without significant left main disease, 
and in the other two there was relatively minor 
disease (table). 

In five (36%) patients the exact coronary 
anatomy had not been established at the time of 
collapse; one had a cardiac arrest after the left 
ventriculogram and could not be resuscitated, 
and in the other four there was occlusion or 
dissection (with persistence of contrast) of the 
left main coronary artery after the initial left 
coronary injection. Postmortem study of two of 
these five patients showed triple vessel 
coronary disease (including left main stem 
disease in the patient who collapsed after 
ventriculography alone). 

Twelve patients (86%) went immediately in 
the operating theatre for emergency coronary 
artery bypass surgery, one patient (7%) died in 


t coronary artery, OM, obtuse 


Nation; RBBB, nght bundle branch block, 


the catheter laboratory before transfer to 
theatre was possible, and one patient (7%) 
underwent operation 2 hours after cardiac 
catheterisation. Seven (58%) of the 12 who had 
immediate operations required full resuscita- 
tion procedures, including external cardiac 
massage, during transit from the catheter 
laboratory to the operating theatre; the other 
five (42%) remained appreciably hypotensive, 
but with a stable rhythm and cardiac output 
until the start of cardiopulmonary bypass. 

After emergency operation three (23%) 
patients died in hospital and the 10 (77%) who 
survived were alive at long term follow up. The 
three postoperative deaths occurred in the 
group of patients who had required cardiac 
massage until the establishment of cardio- 
pulmonary bypass. 

The catheter operator was a consultant 
cardiologist in seven (50%) cases, a senior 
registrar in three (21%) cases, and a registrar in 
four (29%) cases. To put these figures in 
perspective, 45% of all procedures are 
performed by three consultant cardiologists, 
20% by the senior registrar, and 35% by 
registrars. The femoral approach was used in 
six (43%) of the 14 patients, while the brachial 
approach (using a preformed brachial catheter) 
was used in the remaining eight (57%) patients. 
Overall, 70% of elective coronary arteriograms 
are performed via the femoral artery and 30% 
via the brachial artery at St George’s Hospital. 

There were postoperative complications in 
three (30%) of the 10 survivors. One patient 
who had required support with an intra-aortic 
balloon pump while cardiopulmonary bypass 
was stopped, later had peripheral gangrene, but 
did not require further operation. She had not 
experienced any cardiac symptoms when seen 
postoperatively in outpatients, but she died 
suddenly 2 years after operation. This was the 
only late death. One man experienced episodes 
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of infection of the sternal wound, which 
required operative debridement, and the third 
had clearly suffered an extensive anterior 
myocardial infarct resulting in left ventricular 
dysfunction. When seen in outpatients he had 
reduced effort tolerance, although his symp- 
toms were stable on treatment with a diuretic 
and an angiotensin converting enzyme 
inhibitor. The remaining nine patients (90%) 
were free of cardiac symptoms when reviewed 
in the outpatient clinic, although in six (60%) 
there were changes in the postoperative elec- 
trocardiogram consistent with infarction 
(table). 


Discussion 

The risks of cardiac catheterisation and 
angiography are well recognised. These are 
usually divided into minor problems such as 
transient chest pain or arrhythmia and major 
complications such as arterial injury and 
embolisation, stroke, myocardial infarction, 
and death. There has been debate over the 
relative safety of the brachial and femoral 
routes for cardiac catheterisation.'? The data 
presented here seem to suggest that there is a 
greater risk of major complication when the 
brachial approach is used. However, in this 
retrospective survey we made no attempt to 
match the groups and they may not be directly 
comparable. It is our usual policy to catheterise 
day patients from the arm, but patients with 
generalised arterial disease, which includes 
iliofemoral disease, are more likely to be 
studied from the brachial route. Such patients 
are more likely to have severe multivessel 
coronary disease and may be at higher risk 
irrespective of the approach used.?* 

In 1972, the ad hoc Committee on Coronary 
Artery Surgery of the Inter-Society Commis- 
sion for Heart Disease Resources recommen- 
ded that deaths associated with coronary 
arteriography, in the United States of America, 
should not exceed 0-3% .* In 1974, Judkins and 
Gander suggested that a mortality rate in 
excess of 0:1% was unacceptable,’ but later 
reports have shown that, when all cases are 
considered, most laboratories have a mortality 
of 0-1-0:2%.*°” It is clear, however, that the 
risk to the patient is closely related to his 
functional class and the severity of coronary 
artery disease. Left main stem disease is said to 
increase the risk of death by 6-8 times, and 
factors such as unstable angina, congestive 
heart failure, multiple ventricular extrasys- 
toles, and hypertension also increase the risk.” 
Triple vessel disease and age greater than 60 
years have also been associated with increased 
mortality in one report.* 

Conversely, it has been suggested that in low 
risk patients (functional class I and II of the 
New York Heart Association classification) 
mortality may be as low as 0-02%.” In a paper 
presented recently to the British Cardiac 
Society, it was suggested that invasive cardiac 
investigations, and even coronary angioplasty, 
could be performed safely in the absence of on 
site cardiac surgery.* The numbers in this 
study were very small, however (273 diagnostic 
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coronary arteriograms and six coronary angio- 
plasties), and as a result its conclusions must be 
interpreted with caution. The delay before 
emergency operation could be undertaken at 
another hospital, in the two patients in whom it 
was required, was 3 hours. A recent paper 
reporting the results of cardiac catheterisation 
as a day case procedure is relevant to this issue’ 
Oldroyd et al reviewed 900 patients selected for 
day case catheterisation, and therefore, by 
definition, considered to be at low risk from the 
procedure (56% had one or two vessel disease). 
Forty patients (4:-4%) could not be discharged 
the same day because of some complication of 
the procedure or because urgent, but not 
immediate, coronary artery surgery was 
considered necessary. For the group as a whole 
the incidence of death was 0-2%, non-fatal 
myocardial infarction 07%, and major 
vascular injury 02%. Mortality was 0-3% in 
the subgroup that underwent coronary angio- 
graphy and left ventriculography alone. It was 
not stated how many patients underwent 
immediate operation from this series. 

Our findings accord with those of Oldroyd et 
al. We believe that without the benefit of 
emergency cardiac surgery at least 10 of our 14 
“low risk” patients would have died. Thus while 
mortality for elective left ventriculography and 
coronary arteriography was <0-1% in our 
series, it would almost certainly have been 
20:2% had we not had recourse to emergency 
surgery. It is of course impossible to prove that 
the patients referred for emergency operation 
benefited from its availability, but the severity 
of haemodynamic disturbance seen makes it 
very likely that they would have died without 
operation. Furthermore, despite the 
experience of Bayliss et al, we believe that there 
would not have been time to transfer these 
patients elsewhere for operation. 

Survival after emergency operation in this 
group of patients was 77% and in most left 
ventricular function, judged by symptomatic 
criteria, was adequate. That there were no 
survivors in patients identified as being at high 
risk suggests that heroic attempts to resuscitate 
such patients may be inappropriate. 

By restricting our survey to the simplest type 
of left heart investigation, which is likely to 
form the greatest part of the workload of any 
cardiac catheter laboratory, we believe that we 
have shown the minimum risk of major unex- 
pected complications. If patients with unstable 
symptoms, heart failure, complex congenital 
disease, or valve disease were included the risk 
is likely to be higher. Unfortunately, we cannot 
tell from this retrospective review of the 
catheter laboratory records how many other 
patients who would have been considered high 
risk because of unstable symptoms had 
uneventful coronary arteriography. By reduc- 
ing the size of the denominator, the exclusion of 
such patients would have resulted in an even 
higher calculated risk. 

Our experience suggests that the mortality 
associated with cardiac catheterisation in 
patients perceived to be at low risk is likely to be 
greater than two patients in every 1000. This 
may be reduced by having surgical facilities 
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immediately available. These findings should 
be borne in mind when the development of new 
cardiac catheterisation facilities is considered; 
it may be more desirable to expand the existing 
facilities at the regional centres and to 
encourage their use by appropriately trained 
cardiologists from district hospitals. 
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Immediately after qualifying in medicine Dale 
joined E H Starling in the physiology depart- 
ment at University College, London, and then 
spent 10 years at the newly established Well- 
come Laboratories, where he became director. 
His early interest in the properties of ergot led 
him to study adrenaline, histamine, and acetyl- 
choline at the National Institute of Medical 
Research, where he also became director. For 
his work on the chemical transmission of nerve 
impulses he shared the Nobel Prize in physio- 
logy or medicine with his friend Otto Loewi in 
1936 (Lewis Collection). 
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High density lipoprotein cholesterol and 
triglycerides as markers of angiographically 
assessed coronary artery disease 


Matti Nikkilä, Timo Koivula, Kari Niemelä, Tero Sisto 


Abstract 

Serum triglycerides, high density 
lipoprotein (HDL) cholesterol, and total 
cholesterol were measured in 698 
patients examined by angiography. The 
ratio of HDL cholesterol to total choles- 
terol was significantly lower in patients 
with single, double, and triple vessel dis- 
ease than in patients without disease. 
The serum concentration of triglyceride 
was significantly higher in patients with 
single, double, and triple vessel disease 
than in those without coronary artery 
disease. Similar proportion of patients 
with coronary artery disease and without 
had serum cholesterol concentrations of 
265 mmol/l, but total cholesterol was 
significantly higher in patients with 
single, double, and triple vessel disease 
than in those without. HDL cholesterol 
(<10 mmol/l), triglycerides (>20 
mmol/l), and the ratio of HDL choles- 
terol to total cholesterol (<0°20) were 
significantly better than total cholesterol 
as indicators of coronary risk. 


Since 1959, when Albrink and Man suggested 
that raised concentrations of serum trigly- 
ceride might be related to the pathogenesis of 
ischaemic heart disease,’ several investigators 
have measured lipids in healthy individuals 
and those with this disease.?* Clinical studies 
have established that a raised serum concen- 
tration of total cholesterol is an aetiological 
factor in coronary artery disease.** Fewer data 
are available on the possible value of raised 
concentrations of triglyceride in predicting 
the occurrence of the disease in apparently 
healthy men. In a follow up prospective study 
in Sweden the occurrence of new events of 
ischaemic heart disease was related to serum 
triglycerides and cholesterol, which were risk 
factors for coronary artery disease that were 
independent of each other. The highest risk of 
coronary artery disease was associated with a 
combined increase of those two serum lipids.’ 
Follow up studies from other areas in Sweden 
confirmed that serum triglycerides were a risk 
factor for ischaemic heart disease.*® There are 
more recent both primary and secondary 
prevention studies, in which a beneficial effect 
was closely related to a reduction of serum 
triglycerides rather than to the reduction in 
serum cholesterol. ® © The serum concentra- 
tion of total cholesterol in Finland is ex- 
ceptionally high (mean 6-3 mmol/l) even in 
healthy people and the relative importance of 


lipid components is not necessarily similar to 
that in other countries. 

The aim of this study was to determine 
whether total cholesterol, high density lipid 
(HDL) cholesterol, and triglycerides are dis- 
criminators of coronary artery disease. In 
addition, we attempted to find out whether 
lipid concentrations are related to the extent 
of disease. 


Patients and methods 

We studied 698 patients aged 29-69 years 
admitted during 1985-7 to Tampere Univer- 
sity Hospital for elective coronary angiogra- 
phy for the investigation of chest pain. 
Lesions in coronary arteries were graded 
visually from 0 to 4:0 = normal, 1 = >50% 
stenosis in one vessel, 2 = >50% stenosis in 
two vessels, 3 = >50% stenosis in three 
vessels. Coronary angiography was performed 
by the Judkins technique via the right femoral 
artery. Twenty four hours before catheterisa- 
tion serum total cholesterol, HDL cholesterol, 
and triglycerides were measured after a 12 
hour fast. All patients were ambulant up until 
the day on which serum lipids were measured, 
at least three months after myocardial infarc- 
tion. We used a cut off value of 6:5 mmol/l for 
total cholesterol and a cut off value of 2-00 
mmol/l for triglycerides, which were the 
arbitrary upper limits of normal at Tampere 
University Hospital. For HDL cholesterol we 
used a cut off value of 1-0 mmol/l, which was 
the lower limit of normal. For the ratio of 
HDL cholesterol to total cholesterol we used a 
cut off value of 0-20, which is useful index of 
the risk of coronary artery disease.” 

The patients were divided into four groups 
on the basis of the angiographic results: 63 
patients did not have clinically important 
coronary artery disease (that is stenosis of 
<50% of the transluminal diameter in all 
segments), 124 patients had single vessel dis- 
ease, 192 patients double vessel disease, and 
319 patients triple vessel disease. Table 1 
shows the smoking habits, the use of $ block- 
ers, previous myocardial infarction, and the 
sex ratio in the four groups. 

Serum cholesterol was measured by the 
Monotest kit from Boehringer Mannheim 
with an Olli C semiautomated analyser (Kone 
Oy, Finland). The polyethyleneglygol pre- 
cipitation method was used to measure HDL 
cholesterol together with the Monotest for 
cholesterol. Concentrations of serum 
triglycerides were measured by an enzymatic 
method (Boehringer Mannheim). 


T 


High density hpoprotem cholesterol and triglycerides as markers of angiographically assessed coronary artery disease 79 


Table 1 Percentage of smokers, use of B blockers, previous myocardial infarction, and 
male sex 1n relation to findings of coronary angiography 
nn e 

No Single Double Triple 

lesion vessel vessel vessel 

(n = 63) (n m 124) (n = 192) {n = 319) All 





Smokers 10** 22 29 16 20 
Use of B blockers 63* 75 81 84 80 
Previous myocardial 

kratio. 22*** 63 61 60 56 
Male sex 62* 81 88 88 84 


a i 
*p < 005, **p < 001, ***p < 0 001 compared with other groups. 


The data from the four groups of patients 
were compared by an analysis of variance and 
when the F ratio was significant we used a 
Student-Newman-Keuls test. Triglyceride 
values were log transformed before statistical 
analysis but untransformed values are given in 
the text and tables. To analyse the frequency 
of patients by a y* test we combined the three 
groups with coronary artery disease to give a 
group with disease and one without. A 
Bartlett-Box test and a multiple discriminant 
analysis were used to assess the lipid values as 
discriminators of coronary artery disease. 


Results 

Table 2 summarises the data on serum lipids 
for each group of patients, defined according 
to the number of coronary arteries with 
250% stenosis. The mean values for total 
cholesterol were significantly (p < 0-01) 
higher in patients with single, double, and 
triple vessel disease than in those without 
disease. Serum HDL cholesterol was signifi- 
cantly (p < 0-001) higher in patients without 
coronary artery disease than in patients with 
single, double, or triple vessel disease. The 
ratio of HDL to total cholesterol was signifi- 
cantly (p < 0-001) lower in patients with 
single, double, and triple vessel disease than 
in patients without disease. The mean values 
for triglycerides were significantly (p < 0-01) 
higher in all patients with disease than in 
patients without. 

Total cholesterol was 26:5 mmol/l in 20 
(31:8%) patients without disease and in 273 
(43-0%) patients with disease; the difference 
was not statistically significant (table 3). HDL 
cholesterol was <1-0 mmol/l in 28-6% of 63 
patients without disease and in 52-1% of 635 
patients with disease (p < 0-001). The best 
discriminators between patients without and 
with disease was serum triglyceride (>2:0 
mmol/l) and in the ratio of HDL to total 
cholesterol (<0:20) (p < 0-001) (table 3). 
There was a significant inverse correlation 


between HDL cholesterol and serum 
triglycerides (r = —0-382, p < 0-001). Multi- 
ple discriminant analysis showed that the ratio 
of HDL to total cholesterol was a better 
indicator of coronary artery disease than other 
lipid values. 


Discussion 

The Study Group of the European Athero- 
sclerosis Society recommends dietary and 
other measures to reduce risk in most people 
with serum cholesterol values of 5:2-6-5 
mmol/l.” Lipid lowering drugs should then be 
considered if total cholesterol remains at 6:5 
mmol/l or higher. In the present study, 
however, 31:8% patients without disease and 
43-0% with disease had total cholesterol con- 
centrations of >65 mmol/l. This non-sig- 
nificant difference between patients with and 
without disease was equal whatever the differ- 
ent cut off points of total cholesterol (for 0-1 
mmol/l intervals between 6:0 and 7:0 mmol). 
These results show that total cholesterol 
measurement alone is not a good discriminator. 

There are no firm recommendations on tri- 
glyceride measurement in risk assessment and 
treatment for raised triglycerides. Never- 
theless, reanalysis of the Framingham data” 
indicated that serum triglycerides are indepen- 
dently predictive of coronary artery disease in 
patients with low serum concentrations of 
HDL cholesterol. Serum triglyceride concen- 
trations are probably important in secondary 
prevention after myocardial infarction, because 
serum concentrations are higher in such 
patients" than in healthy individuals. In the 
Helsinki Heart Study gemfibrozil considerably 
reduced triglycerides (by 35%) but only 
modestly reduced low density lipoprotein 
(LDL) cholesterol (8% decrease) and in- 
creased HDL cholesterol (10% increase).!° 
The effects on serum concentrations of tri- 
glycerides, low density lipoprotein cholesterol, 
and high density lipoprotein cholesterol con- 
tributed to a beneficial outcome. 

Those treated with cholestyramine in the 
seven year Lipid Research Clinics study 
showed mean reductions in plasma concentra- 
tions of total and low density lipoprotein 
cholesterol of 13 and 20% respectively; an 
average increase of 3% in HDL cholesterol and 
the slight rise in triglycerides were not sig- 
nificant.” A 17% reduction in all definite end 
points for ischaemic heart disease was seen in 
the Lipid Research Clinics study and a 34% 
reduction in the Helsinki Heart study, in which 
the greatest relative change in serum lipid 


Table 2 Age, serum total cholesterol, HDL cholesterol, triglycerides, and the ratio of HDL cholesterol to total 
cholesterol in patients without coronary artery disease and im those with single, double, or triple vessel disease 


Statistical 

No leston Single vessel Double vessel Triple vessel ngnificance 
Vanable (n = 63) (n= 124) (n = 192) (n = 319) itn ANOVA 
Age 522 (0-91) 494 (074) 535 (067) 549 (033) 
Total cholesterol (mmol/l) 593 (015) 634 (012) 653 (0-09) 652 (006 p<0O01 
HDL cholesterol (mmol/l) 1-29 (0-05) 113 (0.03) 110 (003) 107 (0-01 p< 0001 
Triglycerides (mmol/l) 177 (012) 239 (013) 250 (013) 259 RaR p<001 
HDL:Total cholesterol 022 (0015 018 (001) 017 (001) 017 (001 p< 0001 


Values are given as mean (SEM). ANOVA, analysis of variance In Student-~Newman-Keuls test the statistical difference was 
significant between the group without coronary artery disease and all other groups with coronary artery disease, but not between 


groups with single, double, and triple vessel disease. 
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Table 3 Percentage of patients in relation to serum hipid 





No lesion Disease 

(n = 63) (n = 635) 

(%) (%) x Significance 
Total cholesterol >6 5 mmol/l 31-8 430 32 NS 
HDL cholesterol <1 0 mmol/l 28 6 52-14 153 p< 0001 
Triglycendes >20 mmol/l 28:6 524 214 p < 0-001 
HDL:Total cholesterol <0 20 476 751 302 p< 0001 


concentrations was seen in serum triglycerides; 
this had only a small effect on the incidence of 
coronary artery disease. Several American 
studies have shown that high concentrations of 
serum cholesterol are a significant coronary 
risk factor,’ f but in the United States the role of 
triglycerides remains controversial. 

The importance of HDL cholesterol concen- 
tration was shown in several large epidemio- 
logical studies.” These surveys either 
indicated that individuals with low concentra- 
tions of HDL cholesterol have a higher pre- 
valence of coronary artery disease or that a low 
HDL cholesterol concentration is a common 
antecedent of clinical coronary artery disease. 
There is evidence that triglycerides constitute 
an independently predictive risk factor for 
ischaemic heart disease in individuals with low 
serum concentrations of HDL cholesterol.” 
Raised triglycerides are a risk factor for 
ischaemic heart disease especially in middle 
aged men.” A reduced fibrinolytic capacity was 
often found in patients with myocardial infarc- 
tion and hypertriglyceridaemia.™ Moreover, 
follow up studies showed that hypertrigly- 
ceridaemia was an independent risk factor for 
reinfarction, an association possibly connected 
with a predisposition to thrombosis through a 
coexisting high concentration of plasminogen 
inhibitor.” Hypertriglyceridaemia is a throm- 
bogenic factor rather than an atherogenic 
factor. 

The findings of this study re-emphasise the 
importance of hypertriglyceridaemia and re- 
duced HDL cholesterol as risk factors of coro- 
nary artery disease. Similar observations were 
reported in England, where a raised concentra- 
tion of serum triglycerides was the best dis- 
criminator between patients and controls.” In 
this study there was an inverse correlation 
between HDL cholesterol and triglycerides. 
This may seem to be a central issue in the 
pathogenesis of atherosclerosis, since both high 
concentrations of triglyceride-rich lipoproteins 
(very low density lipoprotein) and low concen- 
trations of HDL are well recognised lipid risk 
factors for arterial disease. It is possible that the 
primary disturbance responsible for the low 
HDL may ultimately lie in triglyceride meta- 
bolism and HDL could be a mediator between 
the basic metabolic defect and the vascular 
lesion.” 

Follow up studies from Sweden confirm that 
raised concentrations of serum triglycerides are 
a risk factor for coronary artery disease.”° In 
the present study serum triglyceride was a good 
discriminator, better than total cholesterol, 
between patients with coronary artery disease 
and those without. Triglyceride concentrations 
were significantly (p < 0-01) higher in those 
with single, double, and triple vessel disease 
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than ‘in those without disease. A raised tri- 
glyceride concentration was a significant dis- 
criminator especially in one vessel disease, 
when patients tended to be young or middle 
aged, and their total cholesterol did not differ 
significantly from patients without disease. 
Patients without disease were significantly less 
likely to be smokers, to be taking $ blockers, 
and to be men than in the other groups (table 2). 
Smoking and selective f, blockers do not 
influence serum total cholesterol, but can sligh- 
tly increase triglycerides and reduce HDL 
cholesterol. The smaller proportion of men 
among those with normal findings on coronary 
angiography could contribute to the higher 
values of HDL cholesterol. Myocardial infarc- 
tion and sudden unstable angina pectoris with- 
out earlier chest pain were more commonly 
found in those with one vessel disease than in 
those with double or triple vessel disease. Also 
HDL cholesterol alone was a better discrimin- 
ator than total cholesterol. The best discrimin- 
ator in this study was a low ratio of HDL 
cholesterol to total cholesterol. 

Total cholesterol does not discriminate be- 
tween healthy people and patients with coron- 
ary artery disease. Before patients with hyper- 
cholesterolaemia (>65 mmoi/l) are treated 
HDL cholesterol should be measured. The 
results of the present study suggest that the 
ratio of HDL cholesterol to total cholesterol 
was a better indicator of coronary risk than 
HDL cholesterol alone, total cholesterol, or 
triglycerides. Serum triglycerides give a wider 
discrimination than serum total cholesterol in 
identifying not only patients with multivessel 
disease but also those with important single 
vessel disease. 
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Inflammatory response, neutrophil activation, and 
free radical production after acute myocardial 
infarction: effect of thrombolytic treatment 


D Bell, M Jackson, J J Nicoll, A Millar, J Dawes, A L Muir 


Abstract 

Activated neutrophils releasing proteo- 
lytic enzymes and oxygen free radicals 
have been implicated in extending myo- 
cardial injury after myocardial infarc- 
tion. Neutrophil elastase was used as a 
marker of neutrophil activation and the 
non-peroxide diene conjugate of linoleic 
acid was used as an indicator of free 
radical activity in 32 patients dfter acute 
myocardial infarction; 17 were treated by 
intravenous thrombolysis. Patients with 
acute myocardial infarction had higher 
plasma concentrations of neutrophil 
elastase and the non-peroxide diene 
conjugated isomer of linoleic acid than 
normal volunteers or patients with stable 
ischaemic heart disease. Patients treated 
by thrombolysis had an early peak of 
neutrophil elastase at eight hours while 
those who had not been treated by throm- 
bolysis showed a later peak 40 hours after 
infarction. The plasma concentration of 
non-peroxide conjugated diene of linoleic 
acid was highest 16 hours after the 
infarction irrespective of treatment by 
thrombolysis. Quantitative imaging with 
single photon emission tomography 
showed decreased uptake of indium-{11 
labelled neutrophils in the infarcted 
myocardium (as judged from tech- 
netium-99m pyrophosphate) in those who 
had received thrombolysis, suggesting a 
decreased inflammatory response. 

The results indicate increased neutro- 
phil activation and free radical produc- 
tion after myocardial infarction; they 
also suggest that thrombolysis does not 
amplify the inflammatory response and 
may indeed suppress it. 


Activation of neutrophils with release of 
lysosomal enzymes and production of oxygen 
free radicals is an important part of the host 
defence mechanism against microbial infec- 
tion. Activated neutrophils, however, have 
been implicated in the pathogenesis of several 
disease processes including emphysema, adult 
respiratory distress syndrome, and myocardial 
infarction.' It has been suggested that the 
neutrophil may cause secondary heterolytic 
damage of myocytes, because neutrophil 
depletion limited infarct size in animal models 
of infarction’; the damage was attributed to 
the release of lysosomal enzymes‘ or free radical 
production.’ Further experimental evidence 
suggests that reperfusion of ischaemic 


myocardium, for example after thrombolytic 
treatment, may be a double edged sword with 
the benefits of reoxygenation being partly 
offset by the potential harmful effects of 
reperfusion injury.® Postulated mechanisms of 
reperfusion injury include plugging of small 
capillaries,’ generation of oxygen free radicals,® 
calcium influx’ and neutrophil activation with 
release of lysosomal enzymes.” Thus 
the neutrophil may have a role in reperfusion 
injury but its importance in patients has 
not been determined, though the clinical 
benefits of thrombolytic treatment are now 
established," !? 

Degranulation of neutrophils releases 
neutrophil elastase, a lysosomal enzyme; this 
has been used as a specific marker of neutrophil 
activation. Activated neutrophils are one 
potential source of oxygen free radical produc- 
tion.” It is difficult to measure these unstable 
oxygen species but once they are generated 
they will react and oxidise adjacent molecules, 
particularly polyunsaturated fatty acids. The 
diene conjugated non-peroxide isomer of 
linoleic acid (phospholipid 9, 11-linoleic acid; 
PL-9, 11-LA’) has been used as a marker of 
human free radical activity.” To determine if 
and when neutrophil activation takes place 
after myocardial infarction, we measured serial 
changes in plasma neutrophil elastase and PL- 
9, 11-LA’. We also investigated how these 
indices were influenced by reperfusion by 
studying patients treated with and without 
thrombolytic agents. Finally, because the acute 
inflammatory infiltrate within myocardium 
after myocardial infarction can be imaged,” we 
examined the effect of treatment with and 
without thrombolysis on the myocardial uptake 
of indium-111 labelled neutrophils. 


Patients and methods 

VALUES IN HEALTHY VOLUNTEERS AND PATIENTS 
WITH CHRONIC ISCHAEMIC HEART DISEASE 

To establish a normal range for plasma 
concentrations of neutrophil elastase and the 
conjugated diene of linoleic acid, blood samples 
were taken from 35 healthy volunteers from 
laboratory and hospital staff. As a further 
control group we also studied 30 patients with a 
documented history of ischaemic heart disease 
based on coronary angiography (n = 12) or 
distant myocardial infarction (na = 18) 
(table 1). 


PATIENTS WITH ACUTE MYOCARDIAL 
INFARCTION 
Observations were based on 32 patients who 
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Table 1 Characteristics of healthy volunteers, patients with chronic ischaermc heart disease, and patients with 


myocardial infarction 








Myocardial infarcnon 

Volunteers THD No thrombolysis Thrombolysis 

(n= 35) (n = 30) (n= 15) (n= 17) 
Age (yt) 34 59 58 56 

ws (22-63) (37-76) (38-74) (30-69) 

M/F 30.5 246 10.5 134 
WBC (x 10/1) 58 67 132 168 

(3 4-9 3) (5 212 6) (9 6-23 0) (7 9-33 7) 
LVEF (°,) S 4l 32 40 

(18-63) (15-71) (24-68) 
Peak creatine kinase (U/l) _ — 1635 2059 
(522-6255) (533-6955) 

Heparin (subcutaneously) m — 15 -— 
Heparin (intravenously) — — — 17 
Streptokinase/anistreplase — — — 9/8 
Lignocane _ — 3 5 
Hydrocorusone _ — — 9 
B Blockers — 24 2 5 
Diuretics m 4 6 5 
Deaths ~ — 2 1 





WBC, white blood cells; LVEF, left ventricular eyection fraction 


had sustained a recent acute anterior 
myocardial infarction. The diagnosis was based 
on the history of prolonged ischaemic chest 
pain, characteristic _electrocardiographic 
changes, and increase in the enzyme creatine 
kinase. The patients were subdivided into the 
17 who had been given intravenous thrombo- 
lysis with either 1 200 000 units streptokinase 
(Kabivitrum, Middlesex, UK), or 30 units 
of anistreplase (anisoylated plasminogen 
streptokinase complex (Eminase, Beecham 
Pharmaceuticals, Epsom, UK). The other 15 
were deemed ineligible to receive thrombolytic 
treatment because of late admission (> 4 hours 
after the onset of symptoms), a history of active 
peptic ulceration, other source of haemorrhage, 
or recent cerebrovascular accident and were 
treated in conventional fashion. Table 1 shows 
the details of the two groups including drug 
treatment. All study times were taken from the 
onset of symptoms, All patients gave informed 
consent and the study was approved by the 
institute’s ethics committee. 


PROTOCOL 

In patients with acute myocardial infarction 
blood was taken for full blood count and 
measurement of creatine kinase, neutrophil 
elastase, and linoleic acid (PL-9, 12-LA) and its 
diene conjugated non-peroxide isomer (PL-9, 
11-LA’) esterified as phospholipids. Samples 
were taken at 6-8 hours after the onset of 
symptoms and every 8 hours thereafter until 48 
hours. Samples were centrifuged and plasma 
separated immediately and held at — 20°C until 
analysis was performed. 


PL-9, LI~LA’ AND PL-9, I2-LA 

The molar concentrations of PL-9, 11-LA’ and 
PL-9, 12-LA in plasma were measured by high 
performance liquid chromatography in plasma 
after enzymatic hydrolysis with phospholipase 
A, and solid phase sample preparation as 
described by Iversen et al. The intra-assay 
coefficient of variation was <3:-5%. The 
results are expressed as ymol/1. 


PLASMA NEUTROPHIL ELASTASE 
Human neutrophil elastase was measured by 
specific radioimmunoassay with rabbit poly- 


clonal antiserum.’ The antigen was purified 
from human neutrophils after leucopheresis. 
The antibody was specific for neutrophil 
elastase and measured free enzyme and enzyme 
complexed to the natural inhibitors a,-protein- 
ase inhibitor and o,-macroglobulin equally 
well. The results are expressed as ng/ml and the 
intra-assay coefficient of variation was <5%. 


IMAGING 
Our previous work has shown that labelled 
neutrophil uptake within the myocardium can 
be imaged reliably providing the time from 
onset of infarction to reinjection of labelled 
cells is <18 hours.” Only 21 of the patients 
could be studied by this technique within the 
appropriate time limits because of limited 
availability of the radionuclide indium-111. 
The patients received 20-30 MBq of indium- 
111 labelled autologous neutrophils within 18 
hours of the onset of symptoms. Single photon 
emission tomography was undertaken 24 hours 
after the injection of the labelled cells with an 
IGE 400 AT maxicamera linked to a Siemens 
Microdelta computer. On the following day the 
patients were injected with 500 MBq of 
(technetium-99m labelled pyrophosphate 
(°™T c-PYP) and two hours later further SPET 
imaging was undertaken to estimate infarct 
size. Apart from the different energy windows 
and imaging time the protocol on each day was 
identical. The single photon emission tomo- 
graphic imaging was performed over 360°, 64 
images being acquired and reconstruction 
being undertaken by back projection with a 
Butterworth filter to create sagittal, coronal, 
and transverse images. A study was regarded as 
positive when uptake could be clearly seen in all 
three views. In these studies all transverse 
slices for both indium-111 and °"T'c-PYP with 
uptake in the region of myocardium were then 
analysed by a semiautomatic programme that 
counted the number of volume cell elements 
(voxels) with values greater than 65% of the 
peak myocardial uptake." For each patient it 
was possible to compare the volume of 
myocardium showing neutrophil uptake with 
the volume of infarcted myocardium as judged 
from the pyrophosphate images. 

Patients also had a predischarge radionuclide 


ventriculogram to 
ventricular function. 


assess residual left 


STATISTICAL ANALYSIS 

The Koimogorov-Smirnov test showed that 
the data were not normally distributed. Results 
are therefore expressed as median and range. 
We used non-parametric analysis (Wilcoxon 
rank sum test) for two independent samples 
(Mann-Whitney). Values of p < 0-05 were 
taken as significant and data were analysed by 
computer with the statistical package for social 
sciences (SPSS Inc, Chicago). 


Results 

WHITE BLOOD CELL COUNT 

The white blood cell count was significantly 
lower in the normal volunteers (5-8 x 10°/I, 
3-4-9-3/l) than in patients with ischaemic heart 
disease without recent infarction (6:7 x 10°/l, 
5-2-12-6/1, p < 0'004) and in both groups 
counts were lower than the initial white cell 
count in patients with acute myocardial infarc- 
tion (16-4 x 10°/1, 7-9-33-7, p < 0-0001). This 
was also true for the neutrophil count for the 
three groups. 


PLASMA NEUTROPHIL ELASTASE 

` The plasma concentration of neutrophil elas- 
tase was significantly lower in the normal 
volunteers (18-6 ng/ml, 9-2~-51-0) than in the 
patients with stable ischaemic heart disease 
(25-8 ng/ml, 12:2-49:5, p < 0-002). For the 48 
hours after myocardial infarction, however, 
plasma neutrophil elastase was higher than in 
either normal volunteers or patients with 
ischaemic heart disease (fig la). The time 
course differed in patients who had received 
thrombolytic treatment and in those who had 
not. 


PL-9, LI-LA’ AND THE MOLAR RATIO PL-9, 
11-LA'/PL-9, 12-LA 

There was no significant difference in PL-9, 
11-LA’ or the molar ratio PL-9, 11-LA’/ 
PL-9, 12-LA between normal volunteers (19-3 
pmol/l, 7-5-32:9; 47, 1-9-9-1) and patients 
with ischaemic heart disease (19-8 pmol/l, 7-9— 
43-2; 5-4, 1-7-12:1). For the 48 hours after 
myocardial infarction PL-9, 11-LA’ was sig- 
nificantly greater than in the healthy volun- 
teers. The concentration reached a maximum 
at 16 hours; by 48 hours the values were not 
significantly greater than those of patients with 
chronic ischaemic heart disease (fig 1b). The 
molar ratio of PL-9, 11-LA’/PL-9, 12-LA was 
significantly increased in the 48 hours after 
myocardial infarction and followed a similar 
time course. 


COMPARISON OF PATIENTS WITH MYOCARDIAL 
INFARCTION WHO WERE TREATED BY 
THROMBOLYSIS AND THOSE WHO WERE NOT 
There was no significant difference in peak 
creatine kinase activity between patients 
treated conventionally and those who were 
treated by thrombolysis. Plasma activity of 
creatine kinase reached a peak earlier in those 
treated by thrombolysis (16 hours) than in 
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Figure 1 (a) Mean plasma neutrophil elastase (1 SD) 
in healthy volunteers, patients uith chronic ischaemic 
heart disease (IHD), and those with acute myocardial 
infarction. Changes ın plasma concentration neutrophil 
elastase (PNE) after myocardial tnfarction are shown 
for those treated with and without thrombolysis. The 
values of PNE are significantly greater at all sampling 
tumes after myocardial infarction than in healthy 
volunteers or patients with chrome tschaermc heart 
disease. Patients treated by thrombolysis have 
significantly higher values of PNE at 8 hours 

(p < 0-025) and lower values at 40 hours (p < 0 037) 
than those not treated by thrombolysis. (b) Mean PL-9, 
11-LA’ (1 SD) m the same groups es ae cally 
higher values after myocardial infarction in 
ischaemic heart disease or in healthy volunteers. There 
was no difference between those treated by thrombolyns 
and those not treated by thrombolysis at any time. 


those treated conventionally (24 hours). 
Similarly, there was no significant difference in 
the left ventricular ejection fraction measured 
by radionuclide ventriculography, 10 days after 
infarction, though those patients who were 
treated by thrombolysis had slightly higher 
values (table 1). 


PLASMA CONCENTRATIONS OF NEUTROPHIL 
ELASTASE 

The pattern of change in plasma neutrophil 
elastase differed in the two groups of patients 
with acute myocardial infarction (fig 1a). 
Patients given intravenous thrombolysis had 
higher early maximal values at 8 hours (48-2 ng/ 
ml, 25-250) than those treated conventionally 
(32-6 ng/ml, 15-6-101, p < 0-025). Those 
treated conventionally tended to have lower 
early values with a late peak at 40 hours (49-8 
ng/ml, 21-4-196) than those treated with 
thrombolysis (34-2 ng/ml, 15-8-83, p < 0-037). 


PL-9, II-LA' AND THE MOLAR RATIO PL-9, II- 
LA'[PL-9, 12-LA 

There was no significant difference in PL-9, 
11-LA’ or the molar ratio PL-9, 11-LA/PL-9, 
12-LA in those treated conventionally after 
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Figure? Single photon 
emission tomographic 
mages comparing the 
uptake of '"'In labelled 
neutrophils with the size of 
infarction as assessed by 

*T c- pyrophosphate 
(PYP). The upper parr of 
images show easily detected 
uptake of "In and ™Tc- 
PYP ina patient uth 
anterior myocardial 
infarction who was not 
given thrombolytic 
treatment. The lower pair 
of images show markedly 
reduced uptake of '"In 
labelled neutrophils 
compared with °™"Tc-PYP 
in a patient with anterior 
myocardial infarction 
treated with amstreplase 


Table 2 Details of patients treated with and without thrombolysts who were maged with 11 Iņ labelled neutrophils and 





"Tc pyrophosphate 
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CK max LVEF Tune towyecron "In iTe 
(UI 2o) (h) (voxels) (voxels) "InP Te 
No thrombolysis 2508 36 8 114 201 079 
(n ™ 10) (522-6255) (15-51) 6 5-10 (19-276) (77-405) (0 06-2 14) 
‘Thromolysis 2500 40 11 81 217 041 
(a= 11) (533—6955) (27—68) 5-18 (0-160) (111-323) (0-0 96) 
p NS NS NS NS NS <0 05 


een NL IY 
(Each voxel or volume picture cell element represents approximately 250 mm’.) 


CK, creatine kinase; LVEF, left ventricular ejection fracnon 


myocardial infarction and those given 
thrombolysis. For both groups the values were 
greatest at 16 hours, gradually falling towards 
normal values (fig 1b). 

There was no correlation between the white 
blood cell count and plasma concentration of 
neutrophil elastase in any of the groups. There 
was a weak correlation between white cell count 
and PL-9, 11-LA’ in the non-thrombolytic 
group (r = 0 63, p < 0-02), and in patients with 
ischaemic heart disease (r = 0-45, p < 002), 
but this did not hold for the corrected molar 
ratio and no correlations were found in the 
normal volunteers and patients treated with 
thrombolysis. 


IMAGING (TABLE 2) 

In general, in the patients who were imaged 
there was a significantly greater number of 
voxels showing an uptake of "Tc pyro 
phosphate than of ‘In labelled neutrophils 
(p < 0:0006). Uptake of °"Tc pyrophosphate 
was very similar in patients who were treated 
by thrombolysis and those who were not, 
suggesting little difference in infarct size in 
these patients. This is supported by similar 
values of residual left ventricular ejection frac- 
tion and peak creatinine kinase in both groups 
(table 2). In contrast, the uptake of ‘In 
labelled neutrophils was less in the patients 
who were treated by thrombolysis. Thus the 
ratio of '"In/*™Tc, which serves as an estimate 
of the inflammatory response for a given infarct 
size, was significantly less in patients treated by 
thrombolysis (0-41, range 0-0-96) than in those 
treated without (0-79, range 0:06-2:14, p < 
0-05). In fig 2 an example of the greater uptake 
of |In labelled neutrophils in a patient treated 
without thrombolysis is contrasted with that 
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seen in a patient who had received streptokin- 
ase. 


Discussion 
We found both an increased neutrophil elastase 
release and an increase in the plasma concentra- 
tions of the diene conjugated non-peroxide 
isomer of linoleic acid (PL-9, 11-LA’) after 
myocardial infarction. The association of 
leucocytosis and the severity of myocardial 
infarction was first described by White in 
1926.” We noted increased neutrophil 
leucocytosis after myocardial infarction but 
there was no correlation between the peripheral 
neutrophil count and the raised plasma 
concentrations of neutrophil elastase. A 
distinction must be made between whole blood 
elastase and plasma elastase. Whole blood 
elastase correlates with the total neutrophil 
count but is not a marker of neutrophil activa- 
tion and reflects the much greater intracellular 
stores of the enzyme. Increased plasma neutro- 
phil elastase relates to neutrophil degranulation 
and presumably reflects release within the 
area of myocardial injury. The peripheral 
leucocytosis is part of the more general 
response to stress.” Like others we also noted 
an increased leucocyte count in patients with 
stable ischaemic heart disease and this has been 
shown to be a predictor of future myocardial 
events.” The neutrophil has been recognised as 
an early part of the inflammatory response to 
myocardial infarction,” ” but it is only more 
recently that experimental evidence has been 
put forward to suggest that it may be involved 
in secondary heterolytic myocyte damage after 
myocardial infarction‘ f and that suppression of 
the neutrophil infiltrate can reduce infarct 
size.?? One mechanism by which activated 
neutrophils can induce cell damage is through 
the release of potent proteolytic enzymes. 
Neutrophil elastase is a serine protease 
released from the primary granules after major 
cell stimulation such as phagocytosis or cell 
death.“ It has a wide range of substances 
including elastin, collagen, fibrinogen, and 
other matrix macromolecules and is implicated 
in the pathogenesis of several human diseases.’ 
Our study showed that plasma concentrations 
of human neutrophil elastase were significantly 
higher in patients after myocardial infarction 
than in healthy volunteers and patients with 
stable ischaemic heart disease. Further, the 
pattern of elastase release was different in 
patients treated conventionally and in those 
treated with thrombolysis. In patients treated 
with streptokinase or anistreplase there was a 
significant early increase in plasma neutrophil 
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elastase within the first few hours of treatment. 
This confirms previous observations” and it 
seems likely that this represents clot lysis or 
intracoronary activation of neutrophils because 
few inflammatory cells will have migrated into 
myocardial tissue by this stage.” 7 

In contrast, in patients treated convention- 
ally concentrations of neutrophil elastase reach 
a peak later, between 32 and 40 hours after the 
onset of symptoms, when the inflammatory 
infiltrate is present histologically and can be 
imaged.” Drug treatment, particularly 
hydrocortisone or lignocaine, might be expec- 
ted to influence neutrophil behaviour. But a 
similar number of patients in both groups 
received lignocaine, which is known to depress 
neutrophil function in vitro. Also patients 
given hydrocortisone before streptokinase did 
not have lower "In uptake by neutrophils or 
lower concentrations of elastase than patients 
treated with anistreplase, who did not receive 
hydrocortisone. This suggests that the results 
in the thrombolytic group are not influenced by 
the potential suppressive effect of hydro- 
cortisone on the inflammatory response and 
neutrophil function.” 

Although the neutrophil is a source of 
cytotoxic oxygen species, there are other 
potential sources of oxygen free radical 
production after myocardial infarction, includ- 
ing the conversion of xanthine dehydrogenase 
to xanthine oxidase, mitochondrial production, 
the auto-oxidation of catecholamines, and the 
arachidonic acid cascade.’ Although xanthine 
dehydrogenase is converted to xanthine 
oxidase in the vascular endothelium, this 
enzyme system is not present in human 
myocytes and is therefore unlikely to be 
directly involved in myocardial damage.” 
Therefore, the most likely sources of free 
radical production within the human myo- 
cardium are the electron transport chains of the 
myocyte mitochondria or from activated 
neutrophils via the membrane linked nico- 
tinamide adenine dinucleotide phosphate 
(reduced form) (NADPH) oxidase.” Our 


~ studies of peripheral blood did not define the 


increase as being of myocardial origin, but the 
myocardium is the most likely site in patients 
who are haemodynamically stable. 

Products of lipid peroxidation have been 
used as markers of free radical activity because 
exposure of cell membranes to oxygen free 
radicals stimulates “lipid peroxidation” ®— 
perhaps better termed lipid oxidation. Lipid 
peroxidation: products have themselves been 
implicated in damaging cell membranes after 
myocardial infarction,” though some have 
suggested that increased evidence of lipid 
peroxidation merely reflects cell damage. For 
this reason we chose to measure the diene 
conjugated non-peroxide isomer of linoleic 
acid PL-9, 11-LA’ in plasma because this is 
thought to be a marker of human free radical 
activity.°?! PL-9, 11-LA’ is present in the diet 
and can be manufactured by bacterial flora and 
this may account for the conflicting reports of 
the usefulness of this as a marker of cervical 
cancer.” [t is unlikely that changes in dietary 
intake or bacterial flora would alter signifi- 


Bell, Jackson, Nicoll, Millar, Dawes, Miar 


cantly in the 48 hours after myocardial infarc- 
tion to account for the changes seen in plasma 
PL-9, 11-LA’. Also the concentrations were 
not increased in the patients with stable, but 
documented ischaemic heart disease and there 
was no change in linoleic acid, which is also 
affected by dietary intake. 

Heparin was shown to increase 9,11-LA™—~ 
the assay method, which is designed to measure 
the molar concentration of 9,11-LA’and 9,12- 
LA esterified as phospholipids, also measures 
9,11-LA’ and 9,12-LA present as free fatty 
acids. Free fatty acids are increased by the 
lipolytic action of heparin though the magni- 
tude of the response is often overestimated 
because the method does not take account of 
the extensive ex-vivo lipolysis.” In our study 
heparin is unlikely to have had any significant 
effect because the thrombolytic group received 
only intravenous heparin as an adjuvant to 
thrombolysis a mean of 18 hours 36 minutes 
after the onset of symptoms. The patients 
treated conventionally also received heparin 
but as a low dose subcutaneously. We noted no 
difference in the values of PL-9, 11-LA’ 
between the two groups despite the widely 
different heparin regimens. The similarity of 
responses of the two groups also argues for a 
lack of effect of the thrombolytic drugs in 
themselves on PL-9, 11-LA’. 

The concentration of PL-9, 11-LA’ or the 
molar ratio did not correlate with creatine 
kinase measured on the same sample and it 
therefore seems unlikely that the raised 
concentrations are merely a marker of cell 
damage and the evidence is consistent with 
the diene being a free radical marker in human 
beings. In general, in patients with myocardial 
infarction the values of PL-9, 11-LA’ and the 
molar ratio were high initially and then fell; this 
suggests that maximum free radical generation 
occurs early. We were unable to detect any 
difference in the concentrations of PL-9, 11- 
LA’ or the molar ratio of PL-9, 11-LA’/PL-9, 
12-LA between patients treated conventionally 
and those who received thrombolysis. This lack 
of difference in‘ the molar ratio (indeed it was 
somewhat lower in the group treated by 
thrombolysis) suggests that reperfusion was 
not associated with a delayed or secondary 
increase in free radical production with the 
potential for further myocardial damage. Even 
when samples were taken earlier (less than 6 
hours after the onset of symptoms) we did not 
detect any difference in those treated by 
thrombolysis. We cannot exclude the 
immediate increase in free radical production 
after reperfusion shown in some animal 
studies. However, in human beings free 
radical injury after reperfusion may be reduced 
by the presence of red blood cells, which 
contain the antioxidant enzyme catalase” 
unlike the cell free perfusate often used in 
animal experiments. 

This study confirms that the human inflam- 
matory response to myocardial infarction can 
be imaged. In only two of the 21 patients 
studied no uptake of 'In-labelled neutrophils 
could be detected. Both patients had been 
treated by thrombolysis and although this 


Inflammatory response, ne 


result could represent failed imaging, this is 
unlikely because all the thrombolytic group 
had significantly reduced uptake of neutrophils 
in relation to infarct size assessed by °"Tc- 
pyrophosphate. The concept of a reduced 
inflammatory response is supported by the 
different patterns of release of neutrophil 
elastase. If the early neutrophil activation in 
those given thrombolysis represents intra- 
coronary activation and the late response 
corresponds to acute inflammatory infiltrate 
within damaged myocardium we would expect 
greater neutrophil uptake in those who did not 
receive thrombolytic agents. As an extension, 
the lack of a late increase in lipid oxidation 
suggests that the neutrophil is not the main 
source of free radical production in myocardial 
infarction. By inference this implies that if 
there is later heterolytic myocardial injury and 
if it is mediated by neutrophils, it may be 
secondary to release of proteclytic enzymes 
rather than oxygen free radicals. The results do 
not necessarily contradict the experimental 
evidence that suggests that free radical scaven- 
gers reduce myocardial damage, because 
there is evidence that superoxide dismutase 
may work in part by reducing neutrophil 
migration.” It is therefore possible that some of 
the beneficial effects of thrombolysis are the 
result of partial inhibition of the inflammatory 
response to myocardial injury, perhaps by 
reducing the degree or duration of production 
of neutrophil chemoattractants, such as com- 
plement.” “ 

Our studies suggest that after acute myo- 
cardial infarction neutrophils are activated and 
free radicals are produced. Although animal 
studies suggest such activation can extend 
myocardial injury we have no evidence of this 
in human beings. However, thrombolysis and 
presumed reperfusion are not associated with 
amplification of the inflammatory response or 
prolonged free radical production in patients. 
Indeed these responses seem to be diminished 
and some of the beneficial effects of thrombo- 
lysis may be the result of down regulation of the 
acute inflammatory response. 
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Lipid peroxidation during myocardial ischaemia 


induced by pacing 


K G Oldroyd, M Chopra, A C Rankin, J J F Belch, S M Cobbe 


Abstract 

Oxygen derived free radical generation 
can be shown in experimental models of 
myocardial ischaemia and reperfusion 
and may cause cellular damage by 
peroxidising polyunsaturated membrane 
phospholipids. An attempt was made to 
quantify human intracardiac lipid 
peroxidation during transient myo- 
cardial ischaemia by measuring the 
aortic and coronary sinus concentrations 
of malondialdehyde (a marker of lipid 
peroxidation) before, during, and after 
incremental pacing. Twenty six patients 
were paced until they had severe chest 
pain or 2 mm ST segment depression or 
they reached a paced rate of 180 beats/ 
min. They were divided into two groups 
according to whether or not lactate was 
produced during pacing. Twelve patients 
(group 1), all with coronary artery 
disease, produced myocardial lactate 
during pacing. None of the other 14 
patients (group 2), half of whom had 
coronary disease, produced lactate 
during pacing. Concentrations of malon- 
dialdehyde in the aorta and coronary 
sinus were significantly higher in group 1 
than in group 2. Five minutes after the 
end of pacing coronary sinus malondilal- 
dehyde concentrations in group 1 had 
increased significantly from baseline 
values. There were no changes with time 
in the coronary sinus concentration of 
malondialdehyde in group 2 or in the 
aorta in either group. The negative 
malondialdehyde extraction ratio in 
group 1 suggests that intracardiac lipid 
peroxidation occurs during transient 
human myocardial ischaemia. 


Electron paramagnetic resonance spectroscopy 
was used to provide direct evidence of oxygen 
derived free radical formation after coronary 
artery ligation in open chested dogs, but this 
involves the intracoronary infusion of a spin 
trap, in this case, a-pheny! N-tert-butyl nitrone 
and has not as yet been performed in humans.’ 
The evidence implicating free radicals in 
the myocardial cell damage associated 
with myocardial ischaemia and particularly 
reperfusion is conflicting and rests largely on 
the results of studies of the use of various 
radical scavenging agents in animal models.?? 
The enzyme superoxide dismutase, which 
scavenges free radicals, was shown to reduce 
infarct size in a canine model of coronary artery 


occlusion/reperfusion,* though this effect 
could not be reproduced by another group 
using a similar model. Allopurinol, an 
inhibitor of the enzyme xanthine oxidase, 
which helps to generate free radicals, has been 
used in similar studies with the same conflict- 
ing results.” A problem common to all of this 
work is the difficulty of confirming an equal 
degree of ischaernia in each of the different 
treatment groups. Ambrosio et al tried to avoid 
this difficulty by quantifying the ischaemic 
insult using “P magnetic resonance spectro- 
scopy to measure continuously myocardial 
phosphate content and intracellular pH. They 
were able to show that recombinant human 
superoxide dismutase accelerates the bio- 
chemical and functional recovery in isolated 
rabbit hearts subjected to periods of global 
ischaemia.’ 

Most animal models of ischaemia/reper- 
fusion used periods of total global ischaemia. It 
is not known whether brief ischaemic insults 
without complete cessation of nutrient flow, 
such as occur during episodes of angina 
pectoris, also result in the generation of 
cytotoxic free radicals. As indicated above, 
direct measurement of the chemical! moieties 
implicated (superoxide anion, hydroxyl 
radical) is difficult owing to their extremely 
short half lives. Free radical attack, however, 
causes the oxidative degradation of poly- 
unsaturated lipids in cell and lysosomal 
membranes.’ © Among the products of this age 
and sex related lipid peroxidation," various 
cytotoxic aldehydes have been characterised 
and shown to be, by themselves, capable 
of inducing changes within biological mem- 
branes.” ? One of these, malondialdehyde, can 
be measured in human plasma. We therefore 
measured concentrations of malondialdehyde 
and lactate in the aorta and coronary sinus 
before, during, and immediately after 
incremental cardiac pacing in patients with and 
without coronary artery disease. 


Patients and methods 

PATIENT SELECTION 

We studied 26 patients (19 men) aged 42-68 
undergoing cardiac catheterisation for the 
evaluation of chest pain. Patients with recently 
unstable angina were excluded. All drug treat- 
ment was continued until 24 hours before the 
study. Thereafter only sublingual nitrates were 
prescribed. Written informed consent was 
obtained from each subject and the study was 
approved by the ethics committee of Glasgow 
Royal Infirmary. 
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STUDY PROTOCOL 

Patients fasted overnight and were sedated 
with diazepam (10 mg orally). Under local 
anaesthesia, disposable catheters were placed 
in the coronary sinus (via the left basilic vein) 
and the descending aorta (via the right femoral 
artery). A temporary pacing wire was placed in 
the right atrial appendage via the right femoral 
vein. The position of the coronary sinus 
catheter was confirmed by injecting a small 
amount of contrast medium. Arterial blood 
pressure and 12 electrocardiographic leads 
were monitored continuously throughout the 
study. Samples of arterial and coronary sinus 
blood were taken simultaneously to measure 
lactate and malondialdehyde. 

The heart was then paced at just above the 
resting sinus rate and the rate was increased by 
10 ‘beats/minute every two minutes until the 
development of severe chest pain, 2 mm ST 
segment depression, or a paced rate of 180 
beats/minute. If atrioventricular block 
developed before an end point was reached, the 
pacing wire was repositioned in the right 
ventricular apex and the study continued. 
Repeat arterial and coronary sinus blood 
samples were obtained at the peak pacing rate 


‘and at 30 seconds and five minutes (cases 10-26 


only) after the end of pacing. 

Individual variations in coronary venous 
anatomy, catheter placement, and the extent 
and pattern of coronary artery disease mean 
that biochemical changes in the coronary sinus 
effluent do not always reflect continuing myo- 
cardial ischaemia.'* In an attempt to minimise 
this sampling error, and particularly in a study 
designed to show biochemical evidence of 
reperfusion injury, we decided to regard the 
response to incremental pacing as positive only 
when there was evidence of frank lactate 
production (that is, lactate concentration in the 
coronary sinus was higher than in the aorta). 
We used frank lactate production as the marker 
of an ischaemic response so that we could be as 
certain as possible that the sampling catheter 
was indeed draining an ischaemic area of 
myocardium. 


ASSAYS 

Lactate was measured by a commercially 
available enzymatic assay (Boehringer Diag- 
nostica). Malondialdehyde was measured by 
the technique of Santos et al.” Plasma was 
separated immediately after each pacing study 


Table 1 Chnical and anatomical characteristics of lactate producers (group 1) 
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and all samples were assayed in duplicate on the 
same day. The mean intra and inter assay 
coefficients of variation in our laboratory are 
5:0% and 7 7% respectively. 


STATISTICAL ANALYSIS 

The distribution of the data derived from 
this study was assessed by calculating the 
standardised skewness and kurtosis of each of 
the variables. Group concentrations are 
expressed as medians (inter-quartile range) for 
non-parametric data or means (SEM) for 


parametric data. Two tailed group compari- 


sons were made by Wilcoxon signed rank and 
Mann-Whimey tests or Student’s t test for 
paired and unpaired data as appropriate. 
Extraction ratios were calculated in the con- 
ventional manner from concentrations in the 
aorta and coronary sinus. 


Aorta — coronary sinus 
Aorta 





x 100% 


Results 

LACTATE EXTRACTION AND CORONARY ARTERY 
DISEASE 

During pacing, myocardial lactate production 
developed or increased in 12 patients (group 1). 
The lactate extraction ratio, even at baseline, 
was significantly less in group 1 than in group 2 
(lactate extractors): +18% (-7 to +29) v 
+40% (+25 to +45), 2p = 0-01. Despite the 
exclusion of patients with unstable or recently 
unstable angina, three patients in group 1 
showed biochemical evidence of ischaemia at 
rest. By definition, all of the group 1 patients 
were producing lactate at peak pacing rate, 
while all 14 patients in group 2 continued to 
have a positive extraction ratio: — 28% (— 70 to 
—11)v +16% (+10 to +30). 

Tables 1 and 2 summarise the clinical and 
anatomical characteristics of the patients in 
both groups. The groups were comparable for 
age and sex (mean ages, 56 v 54; men, 8/12 v 10/ 
14). All 12 patients in group 1 had obstructive 
coronary artery disease, including in 10 
patients a stenosis of at least 50% (diameter) in 
the left anterior descending artery. Patients 6 
and 7 did not have disease of the left anterior 
descending artery but did develop evidence of 
ischaemia in the anterolateral leads during 
exercise and pacing. In half of the patients in 
group 2, the results of coronary angiography 





ST depression (> 1 0 mm) 





` Peak paced heart 
Case no Age Sex Treatment rate (beatsjmn) Exerctse Paang CAD Laft ventricle 
1 60 M Ca, nitrate 180 Il, UI, aVF, V6 Il, 11, aVF, V46 3VD Abnormal 
2 52 M BB, Ca, nitrate 130 V3—5 V3-6 3VD Normal 
3 51 M BB, Ca, Asp 110 II, II, aVF, V4-6 I, I, aVF, V4-6 3VD Abnormal 
4 57 M Ni 170 V2~-5 V2-6 LAD Normal 
5 60 F BB, Ca, Asp 170 II, III, aVF, V4-6 H, II, aVF, V4—6 LAD Normal 
6 64 M BB, Ca, Asp 120 V2-6 V2-6 RCA Normal 
7 60 M BB 140 I, I, aVL, V46 I, II, aVL, V4-6 RCA, Cx Normal 
8 58 M BB, nitrate 150 V2-4 V2-4 3VD Abnormal 
9 64 F BB 150 I, aVL, V2-6 I, aVL, V3-6 3VD Normal 
10 43 M BB, Ca, nitrate 170 Vi1-4 V1-4 LAD Normal 
11 59 F BB, Ca, nitrate 150 I, aVL, V2-6 I, aVL, V2-6 LAD,RCA Abnormal 
12 53 M BB, nitrate 160 I, II, aVF, V3-5 I, II, aVF, V4-6 LAD, Cx Normal 





CAD, coronary artery disease (350% diameter stenosis); 3VD, 3 vessel disease; LAD, left anterior descending; RCA, mght coronary artery; Cx, circumflex; Ca, 
calctum antagonist; BB, f blocker; Asp, aspirin. 
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Table 2 Chmecal and anatomcal characteristics of lactate extractors (group 2) 
tet ree etree ene 
ST depresnon { > 1-0 mm) 


Oldroyd, Chopra, Rankin, Belch, Cobbe 


Peak paced + 
Caseno Age Sex Treatment heart rate Exercise Paang CAD Left ventricle 
ee a eB a 
1 61 M BB, nitrate, Asp 140 1, I, aVL, V2-6 I, U, aVL, V2-6 3VD Normal 
2 49 F Nu 160 Tl, III, aVF, V4-6 V2-6 Nu Normal 
3 49 M Nil 150 I, aVL, V5-6 V5-6 3VD Abnormal 
4 51 F BB, nitrate 150 Ni Il, I1, aVF, V3-5 Nu Normal 
5 51 M BB, Ca, nitrate 120 I, III, aVF, V4-6 I, III, aVF, V5-6 3VD Normal 
6 47 F Nil 180 Nu IL WI, aVF, V3-6 Nil Normal 
7 53 M Ca, Asp 140 Nil Nu Nil Normal 
8 50 F Ca, nitrate 160 Nil Nil Nu Normal 
9 50 M BB 160 Nil Nil Nil Normal 
10 65 M Ca, nitrate 150 I, II, aVF, V3-6 I, II, V46 3VD Normal 
11 63 M Nid 160 V2-5 I, aVL, V3-6 Nil Normal 
12 55 M BB, nitrate 180 Nil Nil LAD,RCA Abnormal 
13 68 M BB, nitrate 150 H, IHI, aVF, V5-6 V3-6 3VD Normal 
14 53 M BB, nitrate, Asp 170 Nil Nil 3VD Abnormal 





See footnote to table 1 for abbrevianons 


were normal. The other seven had coronary 
artery disease; in all seven there were major 
lesions in dominant right coronary arteries. In 
two of these seven patients there was no 


_ electrical evidence of ischaemia on exercise or 


pacing. Four of the other five showed 
ischaemia only in the inferior or inferolateral 
leads. The venous drainage from the myocar- 
dium supplied by the right coronary artery 
usually drains into the proximal coronary 
sinus, and in patients with rate-limiting right 
coronary artery stenoses the sampling catheter: 
may not accurately reflect ischaemia in the 
territory of the right coronary artery." This 
may partly account for our failure to detect 
lactate production in these seven patients. The 
only patient in group 2 who had coronary 
disease and electrical evidence of anterior 
ischaemia during pacing (patient 1, ST depres- 
sion > 1mm in leads I, II, aVL, V2-6) had 
complete occlusion of the right coronary artery. 


PLASMA CONCENTRATIONS OF 
MALONDIALDEHYDE DURING PACING 
Malondialdehyde concentrations before pac- 
ing, like the basal lactate extraction, were 
significantly higher in group 1 (lactate 
producers) than in group 2 (lactate extractors) 
in both the aorta and coronary sinus (table 3). 
The values in group 1 but not in group 2 were 
significantly higher than the peripheral venous 
blood concentrations in a group of 16 normal 
subjects (18:5 (1-4) pmol/l: 2p = 0-004 v aorta, 
2p = 0-006 v coronary sinus). At all three 
subsequent sampling times, except in the aorta 
5 minutes after pacing, this difference was 
maintained. Additionally, 5 minutes after pac- 
ing there was a significant increase in coronary 
sinus concentrations in group 1 after the end of 
pacing compared with baseline (fig 1). In 
contrast, there were no significant changes with 
time in the coronary sinus concentrations in 
group 2 or in the aorta in either group. This 


resulted in the generation of a negative malon- 
dialdehyde extraction ratio 5 minutes after 
pacing in group 1 that differed significantly 
from the positive ratio present in group 2 at the 
same time (fig 2). 


Discussion f 

Incremental pacing to provoke myocardial 
ischaemia in resting patients with coronary 
artery disease partly avoids the complicating 
and unpredictable systemic metabolic effects of 
exercise stress. Because pacing produces 
regional rather than global ischaemia, however, 
problems remain with the assessment of bio- 
chemical changes in ischaemic myocardium by 
sampling of the coronary effiuent. Thus large 
changes in the ischaemic area may be masked 
by the diluting effect of venous effluent from 
non-ischaemic areas.'*'” We chose to sample 30 
seconds after the end of pacing because this is 
the time of maximum washout of toxic 
ischaemic metabolites from the myocardium.” 
The sample taken 5 minutes after pacing was 
added to try to identify lipid peroxidation 
occurring as a result of continuing reoxygena- 
tion of the previously ischaemic heart. 

There are several potential sources of oxygen 
derived free radicals during human myocardial 
ischaemia/reperfusion. Ischaemia itself may 
produce cytotoxic free radicals as a result of 
reactions involving mitochondrial electron 
transfer’? or after catecholamine degradation 
by monoamine oxidases, auto-oxidation or, 
what is more likely at physiological pH, metal 
catalysed oxidation.”*! The univalent reduc- 
tion of oxygen by activated neutrophils, though 
an important source of radicals?” is probably 
not relevant in transient ischaemia, because it is 
likely that the chemotactic factors required to 
promote neutrophil migration into ischaemic 
tissue require several hours for full expres- 
sion.” In separate studies, we found no 


Table3 Plasma concentrations of malondialdehyde during pacing (jumol/1) 








Aorta Coronary sinus 

Group 1 Group 2 95% CIt Group 1 Group 2 95°, CR 
Baseline 26 2(1 9)* 20 4(1 8) 04-120 25 6 (1 6)* atl 6) 0 1-100 
Peak heart rate 26 0 (1 9)* 20-4 (1 7) 02-120 26 2 (1 5)* 20 4(1 5) 12-100 
30 s post pacing 25 4(1 5)* 20 2(1 5) 08-100 28 2 (2 2)* 20 4(1 8) 18-140 
5 min post pacing 26 6 (2-4) 23 2 (2 2) —0 4-100 29:2 (1 8)* 21 8 (2 4) 10-140 
*2p < 0 05 compared with group 2 


95% confidence intervals for the difference in mean values (unequal variance) 
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Lipid peroxidation during myocardial ischaemia induced by pacing 


Figure 1 Plasma 
concentrations of aortic 
and coronary sinus 
malondialdehyde during 

cing. *2p < 005 
pared with baseline. 
MDA, malondialdehyde; 
HR, heart rate. 


Figure 2 Malondialdehyde 
extraction ratios during 
pacing. *2p < 0-05 
compared with group 2. 
See legend to fig 1 for 
abbreviations, 
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evidence of granulocyte activation as measured 
by aggregation after pacing induced ischaemia 
(unpublished observations). Reperfusion 
accelerates the production of oxygen derived 
free radicals by supplying a large substrate pool 
of molecular oxygen. The action of endothelial 
xanthine oxidase on purine metabolites 
accumulated during ischaemia is another possi- 
ble system for generating radicals,'?™ though 
its relevance has been questioned by workers 
who were unable to show significant xanthine 
oxidase activity in human myocardium.** 
Whatever their source, these oxygen radicals 
peroxidise polyunsaturated membrane lipids, 
damaging their structure and function, a 
process which in itself generates further free 
radicals. Additionally, the activity of superox- 
ide dismutase and glutathione peroxidase, two 
major mammalian intracellular radical scaven- 
gers, is reduced by hypoxia.” ” So free radical 
mediated cell damage is possible during any 
sequence of ischaemia/reperfusion and there is 
also at least some potential for autocatalysis/ 
self-perpetuation. 

Malondialdehyde is one of many products of 
lipid peroxidation. The reaction between 
thiobarbituric acid and malondialdehyde 
produces a pink colour which can be measured 
by spectrophotometry. This assay has been 
used to study circulating lipoperoxides in many 
diseases.” The particular variation of the 
assay that we used gives higher values than 
those reported for other methods because it 
measures both pre-existing malondialdehyde 
plus whatever other substances give rise to 
malondialdehyde during the assay—that is in 
vitro and in vivo. In addition, several 


oa 


MDA extraction ratio (*.) 
aon 
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chemical species other than malondialdehyde 
tan react with thiobarbituric acid to produce a 
pink to red colour.” This relative lack of 
specificity has been criticised, but malondial- 
dehyde does seem ‘to be produced in relatively 
constant proportion to the rate of lipid perox- 
idation,” and thus when all the samples from 
one patient are assayed simultaneously the 
results should reflect’ the degree of peroxida- 
tion at the time each sample was obtained. 

We showed that patients with coronary 
artery disease who produce lactate across the 
myocardium during incremental cardiac pac- 
ing also show an increase in the coronary sinus 
concentration of malondialdehyde in the 
period immediately after pacing. These latter 
changes may develop as early as 30 seconds 
after pacing and persist for at least 5 minutes. 
They did not occur in patients who, irrespec- 
tive of the presence of coronary artery disease, 
continued to extract lactate during incremental 
pacing. The time course of these changes is 
consistent with the hypothesis that intracardiac 
lipid peroxidation occurs even after brief 
periods of regional myocardial ischaemia, pos- 
sibly as part of reoxygenation injury mediated 
by free radicals: For the technical reasons 
outlined above we may have underestimated 
the true degree of intra~-myocardial lipid perox- 
idation. 

The clinical relevance of the small though 
none the less statistically significant changes we 
did detect remains unclear. ‘As indicated 
earlier, it has not been possible to show consis- 
tently the theoretically beneficial effects of 
radical scavenging interventions in animal 
models of myocardial ischaemia.?* Differences 
in the dosage and time course of administration 
of the agents used,-and in the duration of 
occlusion/reperfusion may account for some of 
the variability in the results of these studies. In 
any case, the inability to modify ischaemic/ 
reperfusion damage with such interventions 
does not necessarily mean that free radicals are 
without pathogenetic significance. Indeed, 
lipid peroxides are known to be prothrombotic 
through effects on the coagulation system™ and 
platelets,” and this could clearly have a role in 
coronary heart disease.” Furthermore, the per- 
sistence of regional left ventricular dysfunction 
(‘myocardial stunning”) for several hours after 
brief (<20 minutes) periods of coronary artery 
occlusion® and the same phenomenon after 
exercise induced and completely reversible 
myocardial ischaemia in dogs, may be the 
result of membrane lipid peroxidation 
mediated by free radicals.” If this could be 
confirmed in humans, and the source of the free 
radicals identified, the way would be open for a 
thorough exploration of the potential 
therapeutic role of free radical scavenging 
agents and antioxidants in both acute and 
chronic ischaemic syndromes. 


This study was supported by a British Heart Foundation grant. 
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Non-invasive determination of cardiac output by 
Doppler echocardiography and electrical 


bioimpedance 


David B Northridge, Iain N Findlay, John Wilson, Esther Henderson, Henry J Dargie 


Abstract 

Cardiac output measured by thermodilu- 
tion in 25 patients within 24 hours of acute 
myocardial infarction was compared 
with cardiac output measured by Doppler 
echocardiography (24 patients) and elec- 
trical bioimpedance (25 patients). The 
mean (range) cardiac outputs measured 
by Doppler (4-03 (2-2-6-0) l/min) and elec- 
trical bioimpedance (3-79 (1-1-6°2) 1/min) 
were similar to the mean thermodilution 
value (3°95 (2°1-6:2) I/min). Both non- 
invasive techniques agreed closely with 
thermodilution in most patients. None 
the less, three results with each method 
disagreed with thermodilution by more 
than 1 1/min. 

Both non-invasive techniques were 
reproducible and accurate in most 
patients with acute myocardial infarc- 
tion. Doppler echocardiography was time 
consuming and technically demanding. 
Electrical bioimpedance was simple to 
use and had the additional advantage of 
allowing continuous monitoring of the 
cardiac output. 


Knowledge of the cardiac output is valuable in 
the management of patients with acute myocar- 
dial infarction because it identifies patients at 
greatly increased risk and also provides a rapid 
means of monitoring the response to treat- 
ment.' Most patients, however, are managed 
without measurement of cardiac output—by 


-relying on clinical signs. Unfortunately these 


can be misleading in this group of patients. 
Arterial blood pressure may be maintained in 
the face of a low cardiac output by raised 
systemic vascular resistance. A fall in urine 
output is an indication of reduced renal blood 
flow, but this may be due to activation of the 
sympathetic nervous system and does not 
necessarily indicate a low cardiac output.” The 
chest x ray is a sensitive indicator of raised left 
atrial pressure,” but measurement of cardiac 
output has until recently required right heart 
catheterisation. An accurate non-invasive 
method of measuring cardiac output would 
therefore have many attractions: two of the 
most promising techniques are Doppler echo- 
cardiography and electrical bioimpedance. 
Although a high degree of accuracy has been 
claimed for both methods,” all of these studies 
were conducted in normal volunteers subjected 
to various artificial means of altering cardiac 
output or in patients in intensive care with a 
wide range of haemodynamic disturbances. 


None of the previous studies of electrical 
bioimpedance and only one study of Doppler 
included patients with acute myocardial infarc- 
tion.’ 

A new bioimpedance monitor (BoMed 
NCCOM3) has recently been developed that 
simplifies the measurement of cardiac output. 
We wished to compare the accuracy of this new 
monitor with Doppler echocardiography in 
acute myocardial infarction. It is not possible to 
extrapolate from results obtained in normal 
volunteers during exercise or patients in gen- 
eral intensive care because patients with 
myocardial infarction may have much lower 
cardiac outputs. 

The aims of this study were to assess the 
feasibility, reproducibility, and ease of use of 
both non-invasive techniques in patients with 
recent (< 24 hours) myocardial infarction and 
to compare cardiac output determined by 
Doppler echocardiography and electrical 
bioimpedance with that obtained by thermo- 
dilution in the same patients. 


Patients and methods 

PATIENTS 

We studied men and women aged <75 years 
admitted to our coronary care unit with a 
diagnosis of acute myocardial infarction. All 
patients were studied within 24 hours of the 
onset of chest pain. Patients were included in 
the study if there was a clinical indication for 
Swan-Ganz catheterisation (early heart failure, 
hypotension, or poor urine output). 

Patients were excluded if they had any condi- 
tion known to interfere with the bioimpedance 
signal such as obesity or pleural effusion. An 
initial screening echocardiographic study was 
performed to exclude patients with significant 
aortic valve disease, tricuspid incompetence, or 
pericardial effusion. 


SWAN-GANZ CATHETERISATION 

A 7F, triple lumen, Edwards Laboratories 
Swan-Ganz catheter was advanced from an 
antecubital vein to the pulmonary artery under 
fluoroscopic control. Intracardiac and pul- 
monary artery pressures were recorded and 
patients were then returned to coronary care. 
Thermodilution cardiac output was measured 
by an Edwards Laboratories cardiac output 
computer with 10 ml iced dextrose. The mean 
of three injections, all within 10% of each other 
and excluding the first injection, was recorded. 
It was not possible to perform all three tech- 
niques simultaneously because the bio- 
impedance monitor interferes with the Doppler 
signal. Therefore, Doppler recordings of aortic 
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Figure 1 

Echocardtographic 

measurement of the 

diameter of the left 
ricular 


atrium; LV, left ventricle; 


RY, right ventricle 





flow were recorded immediately before or 
immediately after the other two techniques. 


DOPPLER ECHOCARDIOGRAPHY 

The diameter of the left ventricular outflow 
tract was used to calculate the cross sectional 
area, assuming a circular profile. Measure- 
ments were made by cross sectional echo- 
cardiography in the parasternal long axis view 
(Hewlett Packard model 77020A with a 2:5 
MHz phased array transducer). With the image 
frozen in midsystole, the diameter of the left 
ventricular outflow tract was measured im- 
mediately proximal to the aortic valve leaflets 
as described by Lewis et al.” We calculated the 
diameter as the mean of five measurements 
using the trailing-edge to leading-edge method 
(fig 1). 

We measured aortic blood velocity by con- 
tinuous wave Doppler ultrasound using a small 
1-9 MHz probe and the same Hewlett Packard 
system. Care was taken to obtain the clearest 
spectral profile from both the suprasternal and 
apical windows. When both windows were 
successful the site giving the highest aortic flow 
velocities was used for analysis, as described by 
Bouchard et al. No attempt was made to 
measure and correct for the angle between the 
continuous wave Doppler ultrasound beam and 
the direction of blood flow. We took hard 
copies on a strip chart recorder and analysed 
them off line using a Kontron computer and 
magnetised digitising tablet. Stroke distance 
was taken as the mean of 10 measurements of 
the area under the time velocity curve. Doppler 
cardiac output was calculated as: 


CO = SD x CSA x HR 


where SD was stroke distance and CSA was the 
cross sectional area of left ventricular outflow 
tract. 

The stroke -distance was compared with 
stroke volume index to determine whether 
measurement of the cross sectional area was 
necessary (SVI = thermodilution CO/body 
surface area). 


ELECTRICAL BIOIMPEDANCE 

After skin preparation the bioimpedance mon- 
itor was connected to the patients via four pairs 
of low contact impedance electrodes. The 
lower thoracic voltage sensing electrodes were 
placed at the level of the xiphoid sternum in the 
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midaxillary lines and the cervical sensing elec- 
trodes were positioned laterally at the base of 
the neck as close as possible to the clavicles. 
The “current injecting” electrodes delivered 
an alternating current at 70 kHz and were 
placed with one pair 5 cm above the cervical 
sensing electrodes and the other pair 5 cm 
below the thoracic sensing electrodes. The 
BoMed NCCOM3 estimated stroke volume 
from the impedance signal recorded from the 
inner pairs of electrodes using the Stramek et al 
equation.” 

SV = VEPT x VET x (dz/dt)max/Z0 
Where VEPT = volume of electrically parti- 
cipating tissue (a constant derived from body 
height and weight); VET = ventricular ejec- 
tion time; dz/dt = rate of change of impedance 
during systole; and ZO = basal thoracic 
impedance. 

The monitor automatically averages stroke 
volume over twelve cardiac cycles and displays 
the cardiac output continuously. Electrical 
bioimpedance cardiac output was taken simul- 
taneously with thermodilution measurements 
as the mean of 10 displayed values (that is the 
mean of 120 cardiac cycles). To investigate the 
accuracy of bioimpedance measurements with- 
out the influence of body size or heart rate, we 
also compared the stroke volume index 
measured by electrical bioimpedance with that 
measured by thermodilution.’ 


REPRODUCIBILITY 

A pilot study was performed to measure the 
reproducibility of each non-invasive tech- 
nique. Ten patients were studied who were all 
haemodynamically stable in the recovery phase 
after myocardial infarction. The bioimpedance 
monitor was applied as described above, and 
cross sectional echocardiography and Doppler 
studies were recorded on videotape. After 30 
minutes’ rest (to allow time for the electrode 
skin marks to disappear) the bioimpedance 
monitor was reapplied and a second cardiac 
output was recorded. Doppler echocardio- 
graphy was performed a second time, by the 
same observer, and recorded on a separate 
videotape. The two tapes were analysed four 
weeks apart. 

The coefficient of variation for repeat 
measurements by the same observer using 
electrical bioimpedance was 2-7%. The vari- 
ability of echocardiographic measurement of 
aortic diameter was 15% and of the Doppler 
stroke distance 3-0%. Thus the variability of 
Doppler echocardiographic measurements was 
greater than electrical bioimpedance, since the 
square of the aortic dimension is multiplied by 
the stroke distance in the calculation of cardiac 
output. 


STATISTICS 

Cardiac outputs measured by the different 
techniques were compared by the method of 
Bland and Altman.’ The intra-observer 
variability of the non-invasive methods was 
calculated as the coefficient of variation. Means 
were compared by Student’s paired 1 tests, and 
ap value <0-05 was regarded as significant. 
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Figure 2 Difference 
between Doppler and 
thermodilution 
measurements of cardiac 
output plotted against the 
mean value. 


Results 

PATIENTS 

During the 10 month study, 29 patients had a 
Swan-Ganz catheter inserted within 24 hours 
of myocardial infarction. Four were excluded 
from the study because of aortic valve disease 
(two patients), severe obesity (one patient), or 
inadequate visualisation of left ventricular out- 
flow tract on s¢reening echocardiographic 
study (one patient). Therefore 25 patients (22 
men), mean age 59 (range 47-72) years, were 
recruited and an attempt was made to measure 
cardiac output by all three techniques in every 
patient. This was successful in all but one 
patient, who was not suitable for Doppler 
echocardiographic examination (see below). 
The mean interval from the onset of pain to 
inclusion in the study was 16 hours 24 minutes. 
Acute myocardial infarction was confirmed 
subsequently by typical electrocardiographic 
changes and a rise in cardiac enzymes in all 
patients. 


DOPPLER CARDIAC OUTPUT VERSUS 
THERMODILUTION 

Cardiac output was measured by Doppler 
echocardiography in 24 patients; in one patient 
it was not possible to obtain a clear recording of 
aortic flow from either the apical or the supra- 
sternal window. The mean (range) cardiac 
output by Doppler was 4-03 (2-2-6-0) l/min, 
which was not significantly different from the 
mean cardiac output by thermodilution, 3-95 
(2:1-6:2) l/min (p = 0-72). 

Analysis of the results by the method of 
Bland and Altman’? (fig 2) gave the 95% limits 
of agreement as — 1 23 to + 1-32 I/min (—31% 
to + 33% of the mean cardiac output). In three 
patients the Doppler result differed from 
thermodilution by more than 1 l/min. 


ELECTRICAL BIOLMPEDANCE VERSUS 
THERMODILUTION 

The mean (range) cardiac output by electical 
bioimpedance in 25 patients was 3-79 (1-1-6-2) 
l/min, which did not differ significantly from 
thermodilution at 3-95 (2:1-6:2) I/min (p = 
0:22), The 95% limits of agreement (fig 3) were 
~ 1-43 to +1-11 I/min (— 36% to +28% of the 
mean cardiac output). In three patients the 
electrical bioimpedance result differed from 
thermodilution by more than 1 l/min. 


5 © 95%, imt of 


Doppler CO-thermodilution CO (l/min) 





0 1 2 3 4 5 6 7 
Mean of measurements (i/min) 







e 
95% limit of 
1-0 agreement 


ô 95% lmit of 


Elecincal blcimpedance CO-thermodilution CO (U/min) 
t £ 
L ° 
a 


-1.5 (d agreement 
a as Ec, Sareea oa ame! ae 
0 1 2 3 4 5 6 7 


Mean of measurements (l/min) 


Figure 3 Difference between electrical biormpedance and 
thermodilution measurements of cardiac output plotted 
against the mean value, 


DOPPLER AND ELECTRICAL BIOIMPEDANCE 
MEASUREMENTS OF STROKE VOLUME INDEX 

The mean (range) stroke distance by Doppler 
was 14-3 (4:3~21-7) cm. When compared with 
thermodilution measurements of stroke 
volume index the correlation coefficient was 
0-82; SD = 0:43 x SVI + 3-38. Stroke volume 
index was also calculated from the bio- 
impedance measurements. The 95% limits of 
agreement with thermodilution were —8-1 to 
+ 6-7 ml/m?. 


Discussion 

To our knowledge this is the first reported 
study of the accuracy of electrical bio- 
impedance in patients with acute myocardial 
infarction, and only the second study of 
Doppler echocardiography.’ Previous reports 
compared Doppler determination of cardiac 
output with an invasive technique in other 
clinical settings. These studies, however, 
varied greatly in the numbers and types of 
patients studied, the number of observations 
per subject, the invasive technique used for 
comparison, and the Doppler method used. 
Good results were obtained with both pulsed 
and continuous wave Doppler, with sampling 
of flows in the aortic root, ascending aorta, 
descending aorta (including transoesophageal 
approach) and across the mitral, tricuspid, or 
pulmonary valves, ™” but the results of dif- 
ferent studies were variable. Three important 
studies compared the accuracy of these various 
Doppler sites in the same patients, and found 
the ascending aorta and left ventricular outflow 
methods to be the most accurate. !!!? Similar 
comparisons showed that of the many aortic 
diameters that can be used in the calculations 
the aortic annulus or left ventricular outflow 
tract gives the best results, and when the 
ascending aortic root is used there is considera- 
ble overestimation of cardiac output.’°? It was 
possible to obtain measurements of aortic flow 
from either the suprasternal or apical window 
in > 90% of patients in a previous large study." 
We also found that this was the case in 24.ofour. 
25 patients, and when both sites wer gupes RN 


fe y 





fully studied the apical window gave the high- 
est peak velocity in every case. 

In the only previous study of Doppler 
measurements in acute myocardial infarction 
the methods used were comparable with our 
study, and the technique was feasible in all 
patients. It was also thought to be accurate, 
with a reported correlation coefficient of 0-95.° 
These workers, in common with most previous 
studies, investigated the agreement between 
the Doppler and invasive results solely by using 
the correlation coefficient. This is not a good 
method of determining the accuracy of a test or 
of comparing the results of one study with 
another.’ * It can be considerably affected by a 
few reasonably accurate results at the extremes 
of a range of measurements and it is dependent 
upon the range under study (when cardiac 
output is studied the range depends upon the 
types of patients included). This may explain 
why studies in which cardiac outputs have 
varied by up to 20 fold have produced co- 
efficients as high as 0-98. We used the method 
of Bland and Altman to assess the accuracy of 
the technique.’ '*'* This statistical method is 
not affected by the range under study or values 
at the extremes of the measurement, and it has 
the added advantage of expressing the results in 
a clinically meaningful manner. Using this 
method we showed that Doppler may over- 
estimate the thermodilution cardiac output by 
up to 1-3 I/min, or underestimate it by up to 
1-2 I/min. Thus for 95% of measurements the 
thermodilution result would lie between 1 3 1/ 
min below and 1-21/min above a single Doppler 
estimate. The magnitude of these errors did not 
depend upon the absolute cardiac output, so 
they are potentially much more of a problem in 
patients with low cardiac outputs. For instance, 
a result of 3 l/min by either non-invasive 
technique may under or overestimate the 
thermodilution result by 37-47%, whereas for 
a result of 6 l/min the error lies between 18% 
and 23%. 

Stroke distance measured by Doppler does 
not have the same units as stroke volume index 
measured by thermodilution, and because dif- 
ferent variables were being compared we used 
regression analysis rather than the method of 
Bland and Altman. Regression analysis showed 
a close correlation (r = 0:82), which lends 
support to the adoption of stroke distance as a 
measure of cardiovascular function, as pro- 
posed by Haites et al." It is also important in 
practical terms because stroke distance can be 
measured by inexpensive “‘stand alone” Dop- 
pler equipment without the need for imaging. 
This is an interesting additional finding in a 
study designed primarily to investigate the 
measurement of cardiac output not stroke dis- 
tance. 

Interest has been aroused in electrical bio- 
impedance by the recent development of the 
new  bioimpedance monitor (BoMed 
NCCOMS3) used in this study.” A review of 
the published reports showed nine previous 
studies in adults in which this monitor was 
compared with thermodilution. All were con- 
ducted in intensive care, usually on patients 
after general surgery. Once again it is difficult 
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to compare our results with previous reports 
because they have all relied on correlation 
coefficients to describe the accuracy of bioim- 
pedance. None the less, our results seem to be 
broadly in keeping with previous experien- 
ce?! We found that the cardiac output by 
thermodilution is likely to lie within a range 
from 1:1 l/min below to 1-4 I/min above a 
bioimpedance estimate. The high degree of 
reproducibility of electrical bioimpedance 
measurements in this study was also reported 
by others.” In the largest series described so 
far, electrical bioimpedance could be measured 
in all of 58 critically ill patients after general 
surgery.” Only one previous study has com- 
pared both Doppler and bioimpedance 
measurements with thermodilution, and this 
was conducted in an intensive care unit.” Both 
techniques were feasible in > 85% of patients 
and, in keeping with our findings, bio- 
impedance was slightly more accurate than 
Doppler though the difference was not statis- 
tically significant. 

Cardiac output is the product of stroke 
volume and heart rate and under normal condi- 
tions stroke volume is related to body surface 
area. Spurious associations can therefore be 
generated when cardiac output is calculated by 
a method, such as electrical bioimpedance, that 
incorporates both heart rate and body surface 
area in its formula." Indeed older bioimpedance 
monitors were unable reliably to determine 
stroke volume index,” and estimated cardiac 
output mainly from the patient’s size and heart 
rate. A recent study found that although car- 
diac output determined by the BoMed 
NCCOM3 correlated with indirect Fick 
measurements, this relation was no longer 
significant when stroke volume index was used 
instead of cardiac output.’”” We therefore com- 
pared stroke volume index measured by elec- 
trical bioimpedance with thermodilution, and 
found that the 95% limits of agreement were 
—8-1 to +67 ml/m? (—32 4% to +26-8% of 
the mean stroke volume index). Thus electrical 
bioimpedance measurement of stroke volume 
index was just as accurate as the measurement 
of cardiac output. This study differs from the 
previous one, in which healthy volunteers 
were studied. Large changes in cardiac output 
were induced by maximal exercise such that a 
correlation was found between the two non- 
invasive techniques even though individual 
measurements varied widely. Because the in- 
crease in cardiac output that accompanies exer- 
cise is produced mainly by an increase in heart 
rate, a relatively smaller range of stroke 
volumes were studied. It is, therefore, not 
surprising that the correlation is less strong. A 
further problem with this study is that bio- 
impedance was compared with indirect Fick 
measurement of cardiac output rather than an 
invasive method. We used thermodilution as a 
“gold standard,” and although we accept that 
this technique is far from perfect it is an 
established reference technique. 

We found that both non-invasive techniques 
were feasible in patients with acute myocardial 
infarction. Doppler echocardiography 
required a lot of practice and the system we 


used took approximately 30 minutes to analyse 
each measurement. Electrical bioimpedance 
was highly reproducible, simple to use, and 
gave instant results. It has the additional 
advantage of allowing continuous monitoring 
of the cardiac output, which can be helpful in 
assessing the response to treatment. 
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Optimal value of filling pressure in the right side 
of the heart in acute right ventricular infarction 


Sali Berisha, Adnan Kastrati, Artan Goda, Ylli Popa 


Abstract 

Haemodynamic monitoring was perfor- 
med within the first 48 hours after the 
onset of symptoms in basal conditions, 
during volume loading, and during 
infusion of glyceryl trinitrate in 41 
patients who fulfilled the diagnostic elec- 
trocardiographic and haemodynamic 
criteria of right ventricular infarction. 
In most patients an increase of mean 
right atrial pressure up to 10-14 mm Hg 
was followed by an increase in right ven- 
tricular stroke work index. But raising 
the mean right atrial pressure above 
14 mm Hg was almost always accompan- 
ied by a reduction in right ventricular 
stroke work index. When the mean right 
atrial pressure was reduced by intraven- 
ous glyceryl trinitrate to <14 mm Hg the 
right ventricular stroke index increased. 
The same response was seen with cardiac 
and stroke index. The mean (SD) values 
of optimal right atrial and pulmonary 
capillary pressures were 11:7 (2-1) and 
16°5 (2:7) mm Hg respectively. 

Thus cardiac and stroke index 
increased and the right ventricle reached 
its maximum stroke work index when 
the filling pressure was 10-14 mm Hg. 
These values may be regarded as the 
optimal level of right ventricular filling 
pressure in patients with right ven- 
tricular infarction. 


The ventricular filling pressure in patients 
with acute myocardial infarction has been the 
subject of a series of haemodynamic studies.!? 
The optimal value of left ventricular filling 
pressure during acute myocardial infarction 
has been known for many years. Studies on 
optimal filling pressure of the right ventricle 
in patients with right ventricular infarction 
are, however, few and not conclusive.?* In 
fact, in one of them the true incidence of right 
ventricular infarction in the patients who were 
studied was not known.’ Others have studied 


‘ only one subgroup of patients with right ven- 


tricular infarction and a cardiac index of < 
2-2 1/min/m*,* whereas the range of values in 
this syndrome is wide. 

This study was designed to establish the 
optimal value of right ventricular filling pres- 
sure in patients with right ventricular infarc- 
tion. 


Patients and methods 
Forty one (36 men and five women, mean 


(SD) age 56-3 (7:4)) of the 106 patients admit- 
ted to the coronary care unit between 
February 1986 and March 1988 with a first 
acute inferior or posteroinferior myocardial 
infarction fulfilled the diagnostic electrocar- 
diographic and haemodynamic criteria of 
right ventricular infarction and were the 
subject of this study. The diagnosis of inferior 
myocardial infarction was established by the 
presence of: (a) a positive clinical history; (b) a 
diagnostic increase in serum enzymes and (c) 
abnormal Q waves in leads IT, III, and aVF. 

The diagnosis of right ventricular infarction 
was established by the presence of the follow- 
ing electrocardiographic and haemodynamic 
findings: (a) ST segment elevation >1 mm in 
leads V3R-V4R or (b) QS or QR waves or 
both in the same leads; (c) mean right atrial 
pressure > 10 mm Hg and greater than, equal 
to, or not more than 5mm Hg lower than 
pulmonary capillary pressure (in basal condi- 
tions or after volume loading). We chose these 
criteria because they have a diagnostic 
specificity of 95-100% and a high sen- 
siuvity.>’ We excluded from the study all the 
patients with a difference of >5 mm Hg bet- 
ween pulmonary capillary pressure and pul- 
monary artery diastolic pressure; those with 
previous myocardial infarction or other dis- 
eases such as valvar heart disease, percarditis, 
pulmonary embolism, left to right shunt, 
chronic heart failure, and renal insufficiency; 
and all the patients with a pulmonary capillary 
pressure > 20 mm Hg. 


HAEMODYNAMIC VARIABLES 

After informed consent was obtained from the 
patient a Swan-Ganz thermodilution catheter 
was placed in the pulmonary artery within the 
first 48 hours after the onset of symptoms. 
Right atrial, right ventricular, and pulmonary 
artery pressures were recorded with a Bentley 
Trantec Model 800 transducer on a CGR 
1000 apparatus. Cardiac output was deter- 
mined by thermodilution by an Edwards 
9520A computer and the average value of 
three measurements showing a difference of 
<10% was calculated. Heart rate was derived 
from the electrocardiographic recordings. 
Arterial pressure was measured with a sphyg- 
momanometer. The haemodynamic indices 
were calculated according to the following 
formulas: CI = CO/BSA (where CI is cardiac 
index in I/min/m’, CO is cardiac output in I/ 
min, and BSA is body surface area in m’); SI 
= CI/HR x 1000 (where SI is stroke index in 
ml/beat/m? and HR is heart rate in beats/min); 
RVSWI = SI x (MPAP - MRAP) x 
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Figure 1 Relation 
between right ventricular 
stroke work index 

(RVSW 1) and mean 
right atrial pressure 
(MRAP) in 41 patients 
with right ventricular 
infarction. The bars 
mdicate the range of right 
atrial pressures at which 
right ventricular stroke 
work index ts highest. 


0-0136 (where RVSWI is right ventricular 
stroke work index in g.m.m7~*, MPAP is mean 
pulmonary artery pressure in mm Hg, MRAP 
is mean right atrial pressure in mm Hg, and 
0-0136 is a conversion factor); LVSWI = SI 
x (MAP — PCP) x 0:0136, where LVSWI 
is left ventricular stroke work index in 
g.m.m~?, MAP is mean arterial pressure, and 
PCP is pulmonary capillary pressure in mm 
Hg); SVR = (MAP -  MRAP)/ 
CO x 80 (where SVR is systemic vascular 
resistance in dyn.s.cm~* and 80 is a conver- 
sion factor); PVR = (MPAP — PCP)/ 
CO x 80 (where PVR is pulmonary vascular 


resistance). 


VOLUME LOADING 
After control measurements were made a 
rapid intravenous infusion of Dextran was 
started at a rate of 200 ml/5 min and the 
pulmonary capillary pressure was monitored 
so that it did not exceed 24 mm Hg. The total 
volume given to each patient varied from 200 
to 1200 mi (mean 500 ml). Measurements of 
pressure and cardiac output were repeated 
only when there was a change of >3 mm Hg 
in right atrial pressure. The change between 
two consecutive values of right atrial pressure 
was >5mm Hg in 75% of patients and it 
reached a mean of 6-28 mm Hg for the group. 
We used intravenous glyceryl trinitrate 
instead of frusemide’® to lower the abnormally 
raised filling pressures. This was because the 
action of frusemide is not as easily controlled 
and may be deleterious in patients with 
inferior myocardial infarction complicated by 
shock and increased right atrial pressure? and 
because ventricular function curves can be 
constructed by reducing ventricular filling 
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pressure with glyceryl trinitrate.” Ventricular 
function curves were plotted for each patient 
to relate ventricular filling pressure to stroke 
work index, stroke index, or cardiac index. 
We used mean right atrial pressure as the 
right ventricular filling pressure because it 
was more stable and more easily measured.. 


STATISTICAL ANALYSIS 

We used a two tailed t test for paired observa- 
tions to compare differences between means. 
p values of <0:05 were regarded as statis- 
tically significant. All values are expressed as 
mean (1 SD). 


Results 

Figure 1 shows the relation between right 
ventricular stroke work index and mean right 
atrial pressure in all patients. In most the 
increase of mean right atrial pressure up to 10- 
14 mm Hg was followed by an increase in right 
ventricular stroke work index. But if the mean 
right atrial pressure exceeded 14 mm Hg right 
ventricular stroke work index almost always 
fell. Subsequent reduction of a mean right 
atrial pressure to <14 mm Hg by intravenous 
glyceryl trinitrate was followed by an increase 
in right ventricular stroke work index. 

The mean value of optimal right atrial pres- 
sure in the group (chosen in each patient as the 
value of mean right atrial pressure correspond- 
ing to the maximum right ventricular stroke 
work index) was 11-7 (2:1) mm Hg (fig 2). The 
mean value of optimal pulmonary capillary 
pressure (chosen in each patient as the value 
corresponding to the maximum left ventricular 
stroke work index) was 16-5 (2:7) mm Hg (fig 
3). In 16 patients there was a descending left 
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Figure 2. Optimal mean 
right atrial pressure 
(MRAP) in 41 patients 
with right ventricular 
infarction. Open circles, 
basal conditions; closed 
circles, after volume 
loading. Mean (1 SD) ts 
also shown. 


28 


Lend 


PCP (mmHg) 
5 
o stiik oo 


4 


Figure 3 Optimal 
pulmonary capillary 
pressure (PCP) in 41 
patients unth right 
ventricular infarction. 
Open circles, basal 
conditions; closed circles, 
after volume loading. 
Mean (1 SD} ıs also 
shown, 
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Figure 4 Right ventricular stroke work index (RVSWI) at different mean values of right atrial pressure (MRAP) 


for subgroups 1 to 5 See text for explanations. 


ventricular function curve and an ascending 
right ventricular one. 

To show more clearly that 10-14 mm Hg is 
the optimal value of right atrial pressure, we 
selected pairs of points representing the rela- 
tion between right ventricular stroke work 
index (and stroke index and cardiac index) and 
mean right atrial pressure that corresponded to 
two different values of right atrial pressure 
obtained consecutively by dextran or glyceryl 
trinitrate infusion. These pairs were divided 
into five subgroups. 

Subgroup 1 included all those pairs in which the 
first point corresponded to a mean right atrial 
pressure of <10 mm Hg and the second point 
to a mean right atrial pressure <14 mm Hg. 

Subgroup 2 contained all those pairs in which 
the first point corresponded to a mean right 


atrial pressure <10 mm Hg and the second 
point to a mean right atrial pressure 
>14 mm Hg. 
Subgroup 3 included all those pairs in which 
both points corresponded to a mean right atrial 
pressure from 10-14 mm Hg. 
Subgroup 4 included all those pairs in which the 
first point corresponded to a mean right atrial 
pressure > 10 mm Hg and the second point toa 
mean right atrial pressure > 14 mm Hg. 
Subgroup 5 contained all those pairs in which 
the first point corresponded to a mean right 
atrial pressure > 14mm Hg and the second 
point to a lower mean right atrial pressure 
obtained by infusion of glyceryl trinitrate. 

In subgroup 1 the increase in mean right 
atrial pressure from 65 (2:1) to 115 
(1-7) mm Hg (p < 0-001) was accompanied by 
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Figure 5 Stroke index (SI) at different mean values of right atrial pressure (MRAP) for subgroups 1 to 5. See text 
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Optimal value of filling pressure in the right side of the heart in acute right ventricular infarction 


Figure 6 Cardiac index 
ei) 


pressure (MRAP), for 
subgroups 1 to 5. See text 
for explanations. 
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a significant rise in right ventricular stroke 
work index from 4-9 (2-1) to 6-8 (2:7) gm.m™? 
(p < 0-001, fig 4) and in stroke index from 40-0 
(9-9) to 45-2 (10-4) ml/beat/m? (p < 0-001, fig 
5). 

In subgroup 2 the rise of mean right atrial 
pressure from 7-0 (1-8) to 16-0 (1-4) mm Hg 
(p = 0:009) was followed by an insignificant 
change of right ventricular stroke work index 
from 7:3 (3-1) to 6-5 (2-9) g.m.m”™ (fig 4) and of 
stroke index from 37-9 (12-5) to 39-5 (9-8) ml/ 
beat/m* (fig 5). 

In subgroup 3 mean right atrial pressure 
increased from 10-3 (0-5) to 13-7 (0-5) mm Hg 
(p < 0-001), while neither right ventricular 
stroke work index (5-0 (2:5) v 4-7 (2:3) g.m.m™, 
fig 4) nor stroke index (40-1 (14:5) v 38:3 
(8-8) ml/beat/m’, fig 5) changed significantly. 

In subgroup 4 the increase in mean right 
atrial pressure from 11:4 (1:3) to 167 
(1-4) mm Hg (p < 0-001) was accompanied by 
a significant reduction of right ventricular 
stroke work index from 5-0 (2:3) to 40 
(2:5) g.m.m™ (p = 0-007, fig 4) and of stroke 
index from 38-4 (13-1) to 34:7 (13 5) ml/beat/ 
m° (p = 0:002, fig 5). 

In subgroup 5 the reduction in mean right 
atrial pressure from 178 (1:0) to 13-3 
(1-9)mm Hg (p = 0-002) produced by 
intravenous glyceryl trinitrate was followed by 
a significant increase in right ventricular stroke 
work index from 3-8 (2-3) to 5-1 (2:1) g.m.m7? 
(p = 0-013, fig 4) and in stroke index from 39-1 
(9-8) to 45-0 (8-3) ml/beat/m? (p < 0-001, 
fig 5). 

The changes in cardiac index paralleled 
those for stroke index (fig 6). 


Discussion 

The filling pressure is a major determinant of 
ventricular performance in intact! and dis- 
eased hearts.'"*'* This pressure is of critical 
importance in evaluating cardiac performance 
ın patients with acute myocardial infarction.” 
Haemodynamic, clinical, and experimental 


studies'’'® showed that the increase in filling 
pressure of the infarcted left ventricle up to the 
optimal level of 14-18 mm Hg in some studies” 
and of 20-25 mmi Hg in others! was followed 
by a parallel rise in cardiac output, stroke 
index, and left ventricular stroke work index. 
But data about the optimal filling pressure of 
the right ventricle in patients with right ven- 
tricular infarction are few and inconclusive.’ * 

Some regarded as optimal mean right atrial 
pressures of 6-8 mm Hg,’ but in their patients 
the real incidence of right ventricular infarction 
was unknown. For others the optimal value was 
15-6 mm Hg,‘ but only in a subgroup of 
patients with cardiac index of <2-2 1/min/m’. 
The range of haemodynamic function in 
patients with right ventricular infarction is 
much wider. 

When we plotted ventricular function curves 
for right ventricular stroke work index (as a 
mare specific indicator of the function of this 
ventricle) against mean right atrial pressure (fig 
1) we found that an increase of mean right atrial 
pressure up to 10-14mmHg was almost 
always followed by a rise in right ventricular 
stroke work index, whereas increases in mean 
right atrial pressure to above these values 
resulted in a level or even descending line. 
When mean right atrial pressure returned to 
10-14 mm Hg after treatment with glyceryl 
trinitrate right ventricular stroke work gen- 
erally increased. The mean value of optimal 
right atrial pressure of the group, selected in 
each patient as the value of mean right atrial 
pressure corresponding to the highest right 
ventricular stroke work index, was found to be 
11-7 (2:1) mm Hg (fig 2). This finding was 
supported by the analysis of pairs of points 
representing the relation between right ven- 
tricular stroke work index (and stroke index 
and cardiac index) and mean right atrial pres- 
sure that corresponded with the two different 
values of right atrial pressure produced by 
infusions of dextran or glyceryl trinitrate (figs 
4-6). This analysis showed that the right ven- 
tricular stroke work index increased only in 
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subgroups 1l and 5. In subgroup 1, the rise of 
mean right atrial pressure from 6°5 (2:1) to 115 
(1-7) mm Hg was followed by a considerable 
increase in right ventricular stroke work index 
and stroke index. In subgroup 5, too, right 
ventricular-stroke work index and stroke index 
increased significantly when mean right atrial 
pressure was reduced from 17:8 (1-0) to 13-3 
(1:9) mm Hg by infusion of glyceryl trinitrate. 

The improvement in right ventricular per- 
formance at optimal filling pressure is a result 
of the stretching to their optimal length of the 
myocardial fibres that have survived necrosis; 
this, according to Starling’s law, increases their 
contraction. 

In subgroup 4, an increase in mean right 
atrial pressure from 11:4 (1:3) to 167 
(1-4) mm Hg led to a significant decrease in the 
performance of the right ventricle. Others, too, 
have reported no improvement in right ven- 
tricular performance in patients with 
predominant right ventricular infarction when 
right atrial pressure is abnormally raised.” The 
increase of right ventricular filling pressure 
above the optimal values reduces right ven- 
tricular performance because it augments the 
wall stress and the rigidity of the thin-walled 
right ventricle and affects left ventricular 
geometry*™ and interventricular septal 
motion."”” For these changes that derive 
from ventricular interdependence the intact 
pericardium will also have constrictive effects 
on the dilated heart.” 

We found that the optimal pulmonary 
capillary pressure was 16-8 (2:7) mm Hg (fig 
3), nearly the same as that found in patients 
with left ventricular infarction.’ In 16 patients, 
however, the left ventricular function curves 
took the opposite course to those of the right 
ventricle. Others too have described patients in 
shock owing to right ventricular infarction who 
showed values of left ventricular filling pres- 
sure within optimal limits.” These data clearly 
indicate that to maintain adequate cardiac 
performance in patients with biventricular 
infarction, both the left and right ventricular 
filling pressures need to be optimal. 

Our study showed that the control of right 
ventricular filling pressure in patients with 
biventricular infarction enables the regulation 
to some degree of right ventricular perfor- 
mance according to Starling’s law. Cardiac and 
stroke index increased and the right ventricle 
reached its maximum stroke work index when 
the filling pressure was 10-14 mm Hg. These 
values could, therefore, be considered as the 
optimal value of right ventricular filling pres- 
sure in patients with right ventricular infarc- 
tion, though there were individual variations. 
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Ambulatory pulmonary arterial pressure in 
primary pulmonary hypertension: variability, 
relation to systemic arterial pressure, and plasma 


catecholamines 


A Mark Richards, Hamid Ikram, Ian G Crozier, M Gary Nicholls, Siegfried Jans 


Abstract 

The variability of pulmonary arterial 
pressure, the relation of pulmonary 
pressure to systemic pressure, pul- 
monary pressure responses to stimuli 
(exercise, hypoxia, smoking, free 
ambulation), and plasma catecholamine 
responses were assessed in five patients 
with primary pulmonary hypertension. 
Ambulatory monitoring techniques 
provided data for the computerised 
analysis of continuous, beat-to-beat, 
direct recordings of both pulmonary and 
systemic arterial pressures for 8 to 10 
hours. The absolute variability of 
pulmonary arterial pressure and the 
magnitude of absolute changes in this 
variable in response to stimuli were 
increased in primary pulmonary hyper- 
tension. The variability of systemic pres- 
sure was similar to that in healthy volun- 
teers. Basal and stimulated plasma cate- 
cholamine values were normal, 
suggesting preservation of normal sym- 
pathetic nervous system activity in 
primary pulmonary hypertension. 


Primary pulmonary hypertension is a rare 
disease! and its cardinal characteristic, an 
increase in pulmonary arterial pressure, is 
difficult to measure without catheterisation of 
the pulmonary artery. For these reasons data 
on levels and variability of pulmonary artery 
pressure in primary pulmonary hypertension 
are scant and confined to intermittent read- 
ings in restricted, catheterised patients.?? 
Spontaneous variability in pulmonary pres- 
sure has been put forward as a major 
impediment to the assessment of responses in 
therapeutic trials of vasodilator agents in 
primary pulmonary hypertension. However, 
our knowledge of the magnitude of such varia- 
tion is very limited.’ Further, in these 
patients, the behaviour of the pulmonary cir- 
culation during unrestricted ambulation and 
how responses to physiological stimuli may 
differ from normal are quite unknown. It is 
also not known whether the relation between 
concomitant shifts in systemic and pulmonary 
arterial pressures is distorted in primary pul- 
monary hypertension. Finally, the activity of 
the sympathetic nervous system in primary 
pulmonary hypertension is largely unex- 
plored. We have previously reported a tech- 


nique which allows the continuous recording 
of pulmonary artery pressure in unrestricted 
people over prolonged periods‘ and described 
the range and variability of pulmonary artery 
pressure and its relations to systemic arterial 
pressure and plasma catecholamines in 
healthy volunteers during several everyday 
activities.” The current report is the first to 
describe alterations in these variables at rest 
and in response to exercise, eating, smoking, 
and hypoxia in ambulant patients with 
primary pulmonary hypertension and it com- 
pares these findings with those reported in 
earlier studies of healthy volunteers. 


Patients and methods 

The protocol was approved by the hospital 
ethics committee and all patients gave informed 
consent. The study group consisted of five 
patients (four women and one man, aged 24 to 
60 years (mean 4] years)) with primary pul- 
monary hypertension (mean pulmonary artery 
pressure >25 mm Hg at rest, no secondary 
cause identified by full evaluation‘). We com- 
pared the results with those in six healthy 
people (three women, three men) aged 24 to 40 
years (mean 29 years) who were studied 
earlier.” Three patients were treated with cap- 
topril (25 mg twice or three times a day) and 
two were untreated. 

The patients were studied on day 4 of a diet 
containing a constant amount of sodium 
(80 mmol/day) and potassium (60 mmol/day) 
and no caffeine. Between 0800 and 1000 hours 
on the study day they underwent pulmonary 
artery catheterisation via an antecubital vein 
with a fluid filled F5 Goodale-Lubin catheter. 
The catheter was connected to a portable 
transducer-perfusion unit as already des- 
cribed.* After careful clinical assessment of 
arterial blood supply to the left arm, the left 
brachial artery was cannulated with a F3 Sel- 
dicath connected to a second portable trans- 
ducer-perfusion unit. The left radial pulse and 
circulation in the left hand were checked 
throughout the study. Signals from the two 
transducers, together with the electrocar- 
diogram from chest leads, were continuously 
recorded on separate channels of a Medilog 
miniaturised, multichannel tape recorder worn 
on a belt at the waist. The pulmonary arterial 
pressure signal was processed by an AM4 
recorder module set for linear amplification of 
pressures between 0 and 150mm Hg. The 


frequency response for both systemic and pul- 
monary artery pressure was linear to 8 HZ.‘ 
The methods of continuous ambulatory re- 
cording of both pulmonary and systemic 
arterial pressures have been described else- 
where.‘*’ To eliminate zero shift problems 
caused by postural changes with the low pres- 
sure pulmonary system the transducers were 
worn on the anterior chest wall directly over the 
tip of the catheter in the main pulmonary artery 
(placed under flucroscopic guidance) and the 
patients remained upright, either seated or 
standing, throughout the recording period. 
Both transducers were calibrated with a mer- 
cury column at the beginning and at the end of 
each study and also at approximately the mid- 
point of the protocol. 

After catheterisation, patients were given 
breakfast and allowed a period of 1-5 hours to 
become accustomed to their portable equip- 
ment. Each participant then progressed 
through a sequence of interventions. These 
were spaced at least an hour apart, and between 
interventions patients were able to move about, 
talk, sit, read, sleep, stand, and visit the toilet 
while recordings continued. Careful note of 
body posture and activity was made through- 
out by one observer who used a stopwatch and 
diary. As a safety measure, an additional mem- 
ber of the research medical staff was present at 
all times. 

Exercise was performed on a stationary 
upright bicycle with a graded submaximal 
exercise test (modified Naughton protocol®) to 
75% of maximum predicted heart rate. Blood 
was sampled for plasma catecholamine concen- 
trations 10 minutes before exercise (— 10 min- 
utes) and when exercise started (0 minutes) and 
at the peak exercise as well as 15, 20, 30, and 60 
minutes after the end of exercise. 

Hypoxia—The patients breathed a gas mix- 
ture of 10% oxygen in nitrogen for 30 minutes, 
or as long as it was tolerated, while in the sitting 
position. During this intervention, arterial 
samples for blood gas analysis together with 
venous blood for catecholamines were drawn at 
~ 10 minutes, 0 minutes, peak hypoxia, and 30 
minutes after return to breathing room air. 

Smoking—Three patients (smokers) smoked 
two commercial filter tipped cigarettes (5-5 cm 
of each) in 10 minutes. Venous plasma cate- 
cholamine samples were taken at 0 and 10 
minutes. 

Eating-——Patients ingested a 2:5 MJ (man) or 
2-0 MJ (women) lunch over a period of 15 
minutes. 

Venous samples were collected into chilled 
tubes, centrifuged at 4°C, and stored at — 80°C 
before radioenzymatic assay for plasma cate- 
cholamines.® 

For data analysis, a PDP-11 computer was 
programmed to calculate average systolic, 
mean, and diastolic pulmonary and systemic 
pressures and heart rate for successive groups 
of 10 heartbearts. These results were used to 
provide graphical and digital printouts with 
means and standard deviations for periods of 
interest. Mean values of pressures and heart 
rate were calculated for each of the 16-20 half 
hour periods of total recording time. The short 


Richards, Ikram, Crozier, Nicholls, Jans 


term variability of these variables was assessed 
by the method of Mancia er al” in which the 
standard deviations and coefficients of varia- 
tion were calculated for each separate half hour 
period. An index of longer term variability was 
provided by the standard deviation and varia- 
tion coefficient derived from averaging the 16~ 
20 mean half hourly values. Two way analysis 
of variance with repeated measures and the t 
test for paired data were used to test for 
significant changes in pressure and heart rate 
and hormone concentrations during interven- 
tions. Successive 1 minute mean values of 
pulmonary and systemic pressures were 
correlated (product-moment correlation co- 
efficient) during the periods of interest. To 
compare resting and intervention related 
plasma concentrations of catecholamines, sys- 
temic and pulmonary arterial pressures, heart 
rate, and the variability of the haemodynamic 
indices in patients and healthy volunteers 
studied earlier we used the non-parametric 
Mann-Whitney test.’ Intergroup comparisons 
were also made by analysis of variance (BMDP 
program P2V) with “group” (normal or pul- 
monary hypertensive) and “time” as repeated 
measures. Interactions between “group” and 
“time” were inspected to allow detection of 
significant non-parallelism between groups in 
the response of pressures to any given stimulus. 
Data are given as mean (SEM) unless stated 
otherwise. 


Results 
Studies were completed without compjica- 
tions. On day 3 of the constant diet 24 hour 
urinary excretion of sodium was 69 (5) mmol. 
For the 8-10 hour period of continuous 
recording, mean values for pulmonary and 
systemic pressures (n = 5) were 49-2 (8-2)/23-0 
(4:8) and 115-4 (4°7)/65-2 (24) mm Hg respec- 
tively. Pulmonary, but not systemic, pressures 
were significantly greater than the correspond- 
ing values in our earlier study of healthy- 
volunteers (15-7/6-3 mm Hg (p < 0-01) and 
121-1/72-4 mm Hg (NS) respectively (fig 1). 
Pulmonary pressure showed similar variability 
within half hour periods as between half hour 
periods and in both cases absolute variations 
(mm Hg) but not percentage coefficients of 
variation significantly exceeded values in 
healthy volunteers (table 1). Over 8-10 hours 
the variation in systolic pulmonary arterial 
pressure in individual patients at rest (that is 
seated, unstimulated, and a minimum of 5 
minutes clear of any activity or intervention) 
was 20-32 mmHg (mean 23-2 (2-2) mm Hg). 
Pulmonary diastolic pressures at rest varied by 
8-15 mm Hg (mean 12:2 (1:9) mm Hg). 
Corresponding values for the mean range 
covered by resting pulmonary pressures in our 
volunteer group were significantly lower (12:1 
(1:2) and 6'8 (1:3) mm Hg for systolic and 
diastolic pressures respectively) (p < 0-01 for 
both comparisons). Swings in resting pulmon- 
ary pressure lasted several minutes and 
occurred gradually, and no precipitous changes 
(that is occurring within seconds) were recor- 
ded at rest. Changes in resting pulmonary 
pressure bore no clear relation to time of 
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Figure 1 Contrmuous recordings of pulmonary systolic, mean, and diastolic pressures 
plotted from serial integrated one minute mean values over 8 hours and during several 
activities and mterventions. (a) Data from a healthy volunteer and (b) a patient uth 
primary pulmonary hypertension (both aged 28 years). 


captopril dose ( and were similar in both treated 
and untreated patients) or any other easily 
discernible external stimulus. Coefficients of 
variation (SD mean %) for entire recordings in 
these patients for pulmonary systolic and dias- 
tolic pressures were 15-1 and 20:9% respec- 
tively, within half hours (table 1), an index of 
short term fluctuation. Coefficients from data 
entirely confined to recordings taken in seated, 
resting patients (at least 100 minutes of record- 
ing per patient derived from integrated one 
minute mean values) were 10:6% and 15:2% 
for pulmonary systolic and diastolic values 
respectively. 

The variability of both systemic arterial 
pressure and heart rate did not significantly 
differ from normal (table 1). Table 2 gives 
pressures and heart rates averaged for the total 
recording period and for separate interven- 
tions, 

Inspection of computer graph printouts gen- 
erally showed that pulmonary pressure, sys- 
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temic pressure, and heart rate moved ın parallel 
(figs 2 and 4)}—except during hypoxia when 
pulmonary pressure clearly rose in the absence 
of a significant change in systemic pressure (fig 
3). Overall, for serial 30 minute integrated 
values, there was a positive correlation between 
mean pulmonary and systemic pressures in 
three patients (r values 0-58, 0-68, 0:72; 
p < 0-01 to p < 0-001), but this correlation 
was not found in two patients (r = 0-12, 0-22 
(NS)). This variable relation between systemic 
and pulmonary pressures contrasted with find- 
ings in healthy volunteers for whom uniformly 
strong, positive correlations were found. 
Visual comparison of graphic outputs of 
pulmonary pressures for the entire period of 
recording from healthy volunteers and patients 
with primary pulmonary hypertension 
indicated that the direction of response of 
pulmonary pressures to any given stimulus was 
similar in both groups, but the group with 
pulmonary hypertension showed a more 
abrupt and greater absolute change (from a 
higher baseline value) (fig 1). This impression 
was confirmed by detailed analysis of pressure 
responses during standardised interventions. 


EXERCISE 

The duration of exercise required for patients 
to achieve 75% of predicted maximum heart 
rate varied from 13 to 20 minutes (mean 16-6 
(2:7)) and tended to be shorter than in healthy 
volunteers (21:2 (3-3) minutes, difference NS). 
Pressures in both pulmonary and systemic 
circuits increased abruptly at first and then 
continued a more gradual climb until exercise 
was halted (p < 0-001 for changes from resting 
values in both pulmonary and systemic pres- 
sures and systolic and diastolic pressures (fig 
2). Throughout exercise pulmonary, but not 
systemic, pressures were significantly greater 
than in the healthy volunteers (p < 0-001, 
p < 0-01 for systolic and diastolic values res- 
pectively, table 2) and group-time interaction 
analysis showed a significantly steeper rise in 
pulmonary pressures but not systemic pres- 
sures with time in the patient group (p < 0-001 
for both pulmonary systolic and diastolic pres- 
sures). Pulmonary systolic pressures rose by 
43 mm Hg from rest to peak exercise compared 
with only 19 mm Hg in healthy volunteers. 
Pulse pressures increased in both circuits in 


Table 1 Pulmonary and systemic arterial pressures for recording over 8-10 hours 











Variability 
Within 0 5 k periods Between 0-5 h periods 
Mean (SEM) SD CV SD CV 
(mm Hg) (mm Hg) (%) (mm Hg) (%) 
PAP 
Systohe  1°PHT 49 2 (8 2)** 12 11 7 5* 15:3 
Normal 15 7(1 0) 38 258 35 220 
Diastolic I°PHT 23 0 (4 8)* 3 7** 209 3 8* 195 
ormal 63(07) 24 427 18 31-1 
SAP 
Systolic 1°PHT 115447) 93 8i 8-5 74 
Normal 121163) 81 68 93 80 
Diastohe 1°PHT 65 2 (2 4) 70 108 44 68 
Normal 72 4 (3 8) 60 87 60 83 
Heart rate 1°PHT 89 8 (6 3) 60 64 68 68 
(bpm) Normal 910(29) 93 101 113 113 


1 PHT, primary pulm 
variation (SD/mean®?, 


onary hypertension, PAP, pulmonary artery pressure; SAP, systemic artenal pressure, CV, coefficient of 
n + 5 for 1°PHT andn + 6 for healthy volunteers 


Significance of difference compared with normal’ *p < 0 05, **p < 001 
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Figure 2 Changes in 
pulmonary and systemic 
artertal pressures and 
heart rate (mean 


St errors were 
calculated for integrated 
mean pressures and heart 
rate from successive one 
minute intervals before, 
during, and after exercise. 
Exercise time varied 
between patients (shown as 
0-100% on horizontal 
axis) and standard errors 
were calculated in 10% 
steps for duration of 
exercise (shown as 
continuous lines above 
mean systolic and below 
mean diastolic pressures, 
and a dotted line above 
mean heart rate). 
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Table 2 Pulmonary and systemsc arterial pressures and heart rate during total recording and tnterventions (mean 











(SEM))} 
Pulmonary arterial pressure Systeme arterial pressure 
Systolte (mm Hg) Drastohe (mm Hg) Systolic (mm Hg) Diastohe (mm Hg) Heart rate (beats/ruan) 
TOPE rae 
a (n = 5) 492 (83) 23 2 (44) 1161 (48) 65 3(27) 923 (4 
one (n = 6) 157 (10) rete 1211 3) 72 4(3 8) 91-0 Oo 
esting. 
PHT (n= 3 471 (67) 22 2 (4 2) 1146 (69 63 4 (3 2) 914 (41 
aNormal (n= 6 139 (11) 55(09) 1187 (4 3 69 0 (27) 84-8 3 3 
ercise, 
I°PHT (n= 5) 896 (14 3)*** 37 2 (6 9)** 166 2 (14 3) 80 8 (4 6) 1254 (94) 
ae (n = 6) 333 (17) 12 0 (0 9)*** 1570 (73) 85 8 (4 2) 152:0 (5 4)*** 
ung’ 
1°PHT (n=5) 538 (8-1) 25 4 (45) 1240 (82) 676(51) 942 (75) 
orma] (m@m=6 160 (19) 7216) 1298 (6 7)* 79 0(3 7)* 95-5 (42) 
xa: 
1°PHT (n= 5) 672 (9 6)** 30 2 (4 8)* 1146 (6-4) 58-8 (4-5) 966 (8 3)** 
ş Normal (n = 6) 250 (3 8)*** 10 0(1 4) 102 8 (11 0)* 56 8 (9-2)* 1053 85) 
moking: > 
PHT (n= 3) 483(143) 217 (7 6) 1360 (35)** 71 3 (3-9) 99-7 (14 3) 
Normal (n= 6) 158 (16) 64(08) 1258 (6 7)** 78 4(5 6) 1050 (2 8)*** 


1°PHT, data from patients with primary pulmonary hypertension, Normal, healthy volunteers. 


Significance of change from resting values before interventions. 


*p <0 05, **p <0 01, ***p <0 001. 


At all times pulmonary systolic and diastolic pressures were, as expected, significantly greater m 1°PHT patients than in healthy 
differed between 


volunteers (p = <0 005 — p <0 001) Systemic diastolic pressures 


groups for “eanng” only (p <0 001). 


Systemic systolic pressures did not differ sigmficantly between groups at any ume. 
Values given are for peak exercise, peak hypoxia (taken at 80% duration of intervention), 8 minutes of eating, and 5 minutes of 


smoking and are averaged over a mean ume of 100 minutes for “resnng”. 


both groups (p < 0-001 for change from 
baseline for all pressures). Successive corre- 
sponding one minute mean values of pulmon- 
ary and systemic pressures during exercise 
were closely correlated in all patients (range ofr 
values 0:88-0:97, p < 0-001 for all). Plasma 
catecholamine concentrations rose normally 
with exercise (table 3) and peak values for 
noradrenaline (6-27 (0:24) nmol/l and adren- 
aline (889-65 (218-32) pmol/l) did not differ 
significantly from those achieved in our healthy 
volunteers (6:65 (1:03) nmol/l and 622-21 
(169-20) pmol/l respectively). 


HYPOXIA 

Patients tolerated exposure to 10% oxygen 
in nitrogen for 4-20 minutes compared with 
healthy volunteers who tolerated 10% oxygen 
for 8-30 minutes. Systemic pressure did not 
alter significantly from resting values (fig 3, 
table 2). Arterial oxygen saturation fell sig- 
nificantly (95-0 (1-4) to 74-1 (5:5)%; p < 0-001) 


Exercise 


N 4 ” 
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Systemie arterial 
pressure (mmHg) 





Pulmonary arteral 
pressure [mmHg] 
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by the end of the hypoxic period. Pulmonary 
pressure rose in all patients (p < 0-01 and p < 
0-05 for systolic and diastolic values respec- 
tively, fig 3). Heart rate rose significantly (fig 3, 
table 2), Absolute increases in pulmonary pres- 
sure in the patients were significantly greater 
than in healthy volunteers (p < 0-001 and p < 
0-01 for systolic and diastolic values respec- 
tively, table 2). However, time-group inter- 
action analysis indicated parallel behaviour of 
pulmonary arterial pressure in both groups. 
Plasma noradrenaline was unchanged while 
adrenaline values rose significantly (table 3), 
similar to the response seen in healthy volun- 
teers. 
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Figure 3 Changes in pulmonary and systemic 


arterial pressures and heart rate (mean (SEM) ) 
with acute hypoxia in five patents with pulmonary 
hypertension. See fig 2 for symbols and calculation of 
plotted values. Duration of hypoxia varied between 
patients and is shown as 0~100% on the horizontal 
axis. 
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Figure 4 Changes in 
pulmonary and systeme 
arterial pressures and 
heart rate (mean 

(SEM) ) when two 
cigarettes were smoked, 
between 0-10 main, by three 
patients with pulmonary 
hypertension. See fig 2 for 
variables, symbols, and 
calculation of plotted 
values. 


Systeme arterial 
pressure (mmHg) 


Pulmonary arteral 
pressure (mmHg) 
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SMOKING 

Three patients (smokers) smoked two standard 
cigarettes in 10 minutes. During smoking sys- 
temic pressure rose significantly above resting 
values and returned to baseline within five 
minutes of the patients finishing the cigarettes 
(fig 4). The tendency for pulmonary pressure 
and heart rate to increase was not statistically 
significant. These variables showed no discer- 
nible response in normal subjects. Patients 
retained a strong, positive correlation between 
pulmonary and systemic pressures throughout 
smoking (range of r values, r = 0-69-0-88, 
p < 0-01 to p < 0-001). In all three patients 
both noradrenaline and adrenaline concentra- 
tions rose (table 3). 


EATING 

The tendency for the systemic and pulmonary 
pressures and heart rate to increase during 
eating did not achieve statistical significance 
(table 2). The overall pattern of haemodynamic 
responses was similar to that seen in healthy 
volunteers (table 2). Time-group interaction 


Table 3 Plasma catecholamines (mean (SEM )) 
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analysis showed no difference between the two 
groups. 


MISCELLANEOUS 

Quiet walking was associated with modest 
increases and stair-climbing with sharp 
increases ın pulmonary pressure above resting 
values. Two patients slept for brief periods 
while sitting and all pressures and heart rates 
were notably lower at these times. An inciden- 
tal observation was the lack of any cardiac 
arrhythmia beyond occasional supraven- 
tricular and ventricular extrasystolic beats dur- 
ing recordings. 


Discussion 

Knowledge of the fluctuations in pulmonary 
arterial pressure in health and disease is critical 
for interpretation of data obtained during cath- 
eterisation of patients with primary pulmonary 
hypertension. We used techniques enabling the 
computerised integration of continuous, beat 
to beat, direct recording of both pulmonary and 
systemic arterial pressure to acquire such data 
in patients with primary pulmonary hyperten- 
sion during rest, free ambulation, and various 
interventions. Carefully standardised condi- 
tions of study allowed us to compare our 
findings with those in a group of healthy 
volunteers studied earlier.’ 

Over periods of 8-10 hours and in the course 
of several interventions and activities pulmon- 
ary pressure was maintained above normal 
values in these patients (fig 1, table 2). Absolute 
variation in pulmonary pressure was greater in 
primary pulmonary hypertension than in the 
healthy volunteers (table 1). Relative variation 
(coefficients of variation) were similar or less 
than in the volunteers (table 1) and somewhat 
greater than the 8% figure calculated by Rich et 
al for mean pulmonary pressure from intermit- 
tent readings in resting, supine patients.’ These 
data show the increased absolute, but not 
proportional, variability of pulmonary pres- 
sure in primary pulmonary hypertension. We 
have also confirmed earlier reports of sig- 








Time (min) 
Exercise: ~10 0 Peak +15 +20 +30 +60 
Tee 22 (03) 25 (04) ** 63 (20) 21 (04) 20 (01) 22 (02) 25 (05) 
Normal (n = 6) 37 (05) 44 (05) ee 66 (10) 32 (02) 31 (02) 30 03) 3-0 o 3) 
Adrenaline (pmol/1) 
1°PHT (n = 4) 431 (109) 497 (65) ** 890 (218) 551 (76) 448 (49) 480 (82) 508 GR 
Normal (n = 6) 420 (71) 442 = (87) * 622 (169) 556 (130) 426 (136) 442 (98) 239 
yonn —10 0 Peak +30 
oradrenaline (nmol/1) 
1°PHT (n = 4) 24 (0 3 25 (03) 27 (05) 20 S 1) 
Normal (n = 6) 53 (06) ~ 40 (04) 42 (05) 31 (04) 
Adrenaline (pmol/l!) 
1°PHT (n = 4 519 Ga 862 (1 80) *1173 GIR 508 (109) 
Normal (n = 6) 535 (175 437 (115) * 933 (213 486 (65) 
Smoking. 0 Peak 
Noradrenaline (nmol/l) 
1°PHT(n = 3) 19 (02) 3-0 03 
Normal (n = 6) 35 (05) 40 (03 
Adrenaline 
1°PHT (n = 3) 295 (126) 851 tet} 
Normal (n = 6) 338 (71) 720 (164) 





Within groups two way analyms of vanance of all ime 
with exercise, and in adrenaline alone during hypoxia 


r both groups. 


*p < 005, **p < 0-01, ™**p < 0-001. 


ints followed by paired r test comparing 0 and peak values indicated a significant mse in both catecholamines 
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nificant spontaneous fluctuations in pulmon- 
ary pressure in primary pulmonary hyperten- 
sion apparently unrelated to medication or any 
other easily discerned stimulus.?? 

To our knowledge, variability in systemic 
pressure and the relation of systemic to pul- 
monary pressures have not previously been 
reported in primary pulmonary hypertension. 
Our data indicate that the values of variability 
in systemic pressure in our patients with 
primary pulmonary hypertension resembled 
those seen in healthy volunteers. These data 
imply that the lesion resulting in the high 
values of (and excessive absolute variation in) 
pulmonary pressures seen in this patient group 
exerts no similar effect on fluctuations in 
systemic pressure. , 

Changes in pulmonary pressures during 
exercise were directionally similar but of 
greater absolute magnitude than those seen in 
healthy volunteers. Hypoxia also resulted in a 
greater rise in pulmonary pressure than was 
seen in healthy volunteers.” !? Over the whole 
study period we found generally parallel 
movement of pulmonary and systemic pres- 
sures in three patients, but no relation in two 
patients. In contrast, pulmonary and systemic 
pressures changed in parallel in all healthy 
volunteers. Although no clinical characteristics 
predicted the absence of this relation in the two 
patients, it may be related to the abnormal 
pulmonary vasculature. 

The activity of the sympathetic nervous 
system has not previously been assessed in 
primary pulmonary hypertension. We contin- 
uously monitored heart rate and took frequent 
samples to estimate plasma concentrations of 
catecholamine at rest and during interventions. 
Despite the higher mean age of patients their 
baseline concentrations of plasma cate- 
cholamines tended to be lower than in the 
healthy volunteers and the peak values attained 
with interventions were similar in the volun- 
teers and those with pulmonary hypertension. 
The pattern of change in plasma cate- 
cholamines with interventions was similar in 
both groups. Care must be taken in extrapolat- 
ing from plasma catecholamine concentrations 
to sympathetic nervous activity and little can be 
divined concerning sympathetic traffic to any 
single organ.’ Nevertheless, our data suggest 
that primary pulmonary hypertension is not 
attended by any gross alteration in either basal 
or stimulated global sympathetic nervous sys- 
tem activity. 

Resting heart rates were similar in the two 
groups (table 2). However, itis noteworthy that 
during exercise, patients with primary pul- 
monary hypertension achieved slightly greater 
systemic pressures, and far greater pulmonary 
pressures than normal in association with sub- 
stantially lower heart rates (table 2). Variability 
in heart rate also tended to be lower in the 
patient group (table 1). The groups were not 
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well matched for age and the apparent dimini- 
shed responsiveness in heart rate may simply 
reflect the greater age of the patients. An 
alternative explanation is that vagal inhibition 
of heart rate was enhanced as a result of 
increased stimulation of baroceptors in the 
pulmonary arteries or right ventricle’ in 
primary pulmonary hypertension. Further 
studies with age and weight matched controls, 
together with assessment of the effect of 
atropine, may clarify this issue. 

In summary, our data indicate that the 
absolute variability of pulmonary arterial pres- 
sure and the magnitude of absolute changes in 
pulmonary arterial pressure in response to 
stimuli are enhanced in primary pulmonary 
hypertension. The variability of systemic 
arterial pressure is normal. Short term con- 
gruency of shifts in pulmonary and systemic 
pressures are preserved but in some patients 
the relation between systemic and pulmonary 
pressures, over periods of hours, is weakened. 
Basal and stimulated plasma catecholamine 
values are normal, suggesting preservation of 
normal sympathetic nervous system activity in 
primary pulmonary hypertension. 


This study was supported by the Nationa! Heart Foundation 
and the Medical Research Council of New Zealand We are 
grateful for the help of Special Tests, Biochemistry and Diet 
Department Staff at The Princess Margaret Hospital and that 
of Hormone Assay Staff at Christchurch Hospital Chris 
Frampton, Biostatistician, gave statistical advice. Mrs P Hollis 
gave secretarial assistance AMR and IGC are semior fellows of 
the Nauonal Heart Foundation of New Zealand 


1 Hatano S, Straser T, eds. Pronary pulmonary hypertension. 
Report on a WHO meeting, October 1973. eva World 
Health Organization, 1975. 

2 Rich S, Martinez J, Lam W, Rosen KM Captopril as 
treatment for patents with pulmonary hypertension. 
Problem of variability in assessing chronic drug treatment. 
Br Heart J 1982,48:272-7, 

3 Rich S, D’Alonzo GE, Dantzker DR, Levy PS Magnitude 
and implications of spontaneous hemodynamuc variability 
in primary pulmonary hypertension. Am J Cardiol 1985; 
55 159-63 

4 Ikram H, Richards AM, Hamilton EJ, Nicholls MG. 
Continuous recording of pulmonary artery pressure in 
unrestricted subjects Br Heart J 1984,51°421-6. 

5 Richards AM, Ikram H, Nicholls MG, Espiner EA. Hamil- 
ton EJ, Richards RD Ambulatory pulmonary artenal 
pressures in humans relationship to arterial pressure and 
hormones. Am J Physiol 1986,25:H101-8. 

6 Rich S, Dantzker DR, Ayres SM, et al Primary pulmonary 
hypertension A national prospective study Ann Intern 
Med 1987,107:216~23 

7 Millar-Crag MW, Hawes D, Whitungton JR. New system 
for recording ambulatory blood pressure ın man, Med Biol 
Eng Comput 1978,16°727-31 

8 Patterson JA, Naughton J, Pietras RJ, Gunner RM. Tread- 
mull exercise in assessment of the functional capacity of 
patients with cardiac disease, Am J Cardiol 1972;30. 
757-62 

9 Peuler JD, Johnson GA. Simultaneous single isotope 
radioenzymauc assays of plasma norepinephrine, epine- 
phrine and dopamine Life Sct 1977;6:625~33. 

10 Manaa G, Ferrari A, Gregorini L, et al. dea preirure and 
heart rate variabilities in normotensive and hypertensive 
human beings. Crre Res 1983,53 96-104. 

11 Snedecor GW, Cochran WG. Stanstical methods 6th ed 
Ames, Iowa Iowa State University Press, 1967, 

12 Westcott RN, Powler NO, Scott RC, Hauenstein VD, 
McGuire J. Anoxia and human pulmonary vascular 
resistance. J Clin Invest 1951;30:957-70. 

13 Ester MD Assessment of sympathetic nervous function in 
humans from noradrenaline plasma kinetics Chn Sa 
1982,62°247. 

14 Miller MR, Kasahara M. Studies on the nerve endings in the 
heart Am J Anat 1964,115:217-34 


-i 


Br Heart J 1990;63:109-13 


Thoraxcenter, 
Erasmus University 
Rotterdam, 
Rotterdam, The 
Netherlands 

MA Taams 

E J Gussenhoven 

E Bos 


P de Jaegere 

J RTC Roelandt 
G R Sutherland 
N Bom 


Interuniversity 
Cardiology Institute, 
The Netherlands 

E J Gussenhoven 

N Bom 


Correspondence to 

Dr Elma J Gussenhoven, 
-' Erasmus University 

(E2302), PO Box 1738, 

3000 DR Rotterdam, 

The Netherlands 


Accepted for pubhicanon 
31 October 1989 


109 


Enhanced morphological diagnosis in infective 
endocarditis by transoesophageal 


echocardiography 


Meindert A Taams, Elma J Gussenhoven, Egbert Bos, Peter de Jaegere, 
Jos R T C Roelandt, George R Sutherland, Nicolaas Bom 


Abstract 

Thirty three consecutive patients with 
clinically suspected endocarditis were 
studied by both precordial cross sectional 
echocardiography and transoesophageal 
echocardiography. The diagnostic value 
of both techniques was assessed. The data 
were compared with findings at operation 
in 25 patients. In 21 patients with native 
valve endocarditis precordial echo- 
cardiography showed evidence of vegeta- 
tions in six patients and suggested their 
presence in nine. Transoesophageal 
echocardiography identified vegetations 
in 18 patients. Complications were seen in 
four patients at precordial echocardio- 
graphy and in nine patients at transoeso- 
phageal echocardiography. Precordial 
echocardiography did not show vegeta- 
tions in any of the 12 patients with 
prosthetic valve endocarditis whereas 
transoesophageal echocardiography 
showed vegetations in four. Complica- 
tions were seen in four patients at 
precordial echocardiography and in 10 
at transoesophageal echocardiography. 
Echocardiographic findings were con- 
firmed at operation in all 25 operated 
patients. In two patients both echo- 
cardiographic techniques had missed the 
perforation of the cusps of the aortic valve 
that was seen at operation, but this had no 
effect on patient management. Trans- 
oesophageal echocardiography is the best 
diagnostic approach when infective 
endocarditis is suspected in patients with 
either native or prosthetic valves. 


Before the introduction of transoesophageal 
echocardiography, high resolution precordial 
cross sectional echocardiography was widely 
accepted as a valuable method of diagnosing 
infective endocarditis. But this method has 
lnmitations, and false positive!” as well as false 
negative diagnoses have been reported in 
patients who eventually required operation.**® 
In patients with a prosthetic valve precordial 
echocardiography is hampered because the 
prosthesis interferes with the ultrasound 
beam.”* Cardiac catheterisation is of limited 
value in such patients.°'® The introduction of 
transoesophageal echocardiography provided 
an alternative diagnostic approach." 

We assessed the diagnostic value of trans- 
oesophageal echocardiography in identifying 


abnormalities caused by infective endocarditis. 
The results were compared with the findings at 
precordial echocardiography and at operation. 


Patients and methods 

STUDY GROUP 

Over a 4 year period (1984-1988) 33 
consecutive patients (24 men and nine women; 
mean age 45, range 18-81) with clinically 
suspected infective endocarditis were 
investigated by precordial echocardiography 
and subsequently by transoesophageal 
echocardiography (the interval between studies 
was <3 days). 

The clinical diagnosis of infective endocar- 
ditis was supported by bacteriological findings 
(32 patients had positive blood cultures) and 
surgical description (25 patients). Indications 
for cardiac surgery were: congestive cardiac 
failure (15 patients); persistent fever (five 
patients); multiple embolism (one patient); and 
endocarditis during the waiting period for 
elective cardiac surgery in our unit (four 
patients). 

Twenty one patients had endocarditis of a 
native valve (12 mitral and nine aortic). The 
underlying valve disease was mitral stenosis in 
two, mitral valve myxomatous degeneration in 
three, and bicuspid aortic valve in four patients 
(tables 1 and 2). Operation was performed 
within 16 days at the transoesophageal echo- 
cardiographic study in 15 patients (range 1-16 
days). The six unoperated patients were 
successfully treated with antibiotics. 

Twelve patients were referred with 
prosthetic valve endocarditis. The prostheses 
implanted included two mitral; six aortic, 
mutral and aortic in one; and mitral, aortic, and 
tricuspid in three (table 3). Operation was 
performed in 10 patients within seven days of 
the transoesophageal echocardiographic study 
(range 1-7 days). One patient died and 
necropsy was not performed. One patient was 
treated successfully with antibiotics. 


EQUIPMENT AND TECHNIQUES 
We performed precordial cross sectional 
echocardiographic studies with a Toshiba 
SSH-65A, Toshiba SH 160, or Hewlett- 
Packard HP 77020 AC imaging system. The 
frequency of the transducers used was 3-5, 
3-75, or 5 MHz respectively. 

The transoesophageal study was performed 
with a 5-6 MHz phased array transducer 
mounted at the tip of a gastroscope tube. The 
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Table 1 Detection of vegetations or complications or both in patients mth mural valve endocarditis 











Nano hitai vali Precordtal echocardiography Transoesophageal echocardiography 
Patient no Vegetations Compheanons Vegetanons Complications Operation 
1 = - + - NP 
2 = = - MV cordal rupture P 
3 > - = MV cordal rupture P 
4 MD > - + - P 
5 ? = + MV cordal rupture P 
6 ? - + MY cordel rupture P 
7MS > - + - NP 
8MS ? - + - P 
9 + - + - NP 
10 MD + - + - NP 
11 MD + - + - NP 
12 (fig 3) = Abnormal MV - Myce aneurysm P 
V an 


MD, myxomatous degeneration; MV, mitral valve; MS, mitral stenosis; P, performed; NP, not performed. 


transducer was interfaced with a Hewlett- 
Packard imaging system (HP 77020 AC). All 
patients fasted for at least 4 hours. Premedica- 
tion was not given and local anaesthetic (10% 
lignocaine) was sprayed into the patient’s 
hypopharynx."* In the last 23 patients the tube 
was wrapped in a disposable sheath (Inter- 
national Medical) before the procedure. This 
did not cause any problems or image deteriora- 
tion. An imaginary three dimensional outline of 
the defect was obtained from cross sections 
taken in different planes after careful tilting 
and repositioning of the transducer. 


DEFINITION OF LESION 

A vegetation was defined as a localised mobile 
mass of echoes contiguous with a valve leaflet 
or prosthetic valve (figs 1 and 2). 

Cordal rupture was defined as a systolic whip- 
ping motion of an affected mitral leaflet tip 
within the left atrial cavity with loss of normal 
leaflet apposition. 

Cusp perforation was recognised as an inter- 
ruption of echoes in an aortic cusp (fig 2) or 


-Hancock valve (see fig 4). 


Abscess was defined as an abnormal echolucent 
area within the perivalvar tissue without com- 
munication with the circulation. 

Mycotic aneurysm presented as an abnormal 
pulsatile echo-free protusion that was annular, 
supra-annular, or subannular (figs 1, 3, and 4). 
Valve dehiscence presented as an echolucent 
area seen around the prosthetic valve ring 
resulting in open communication between two 
adjacent cavities (fig 1). 


Results 

Tables 1-3 summarise the findings at precor- 
dial and transoesophageal echocardiography 
and at operation. 


NATIVE MITRAL VALVE (12 PATIENTS, TABLE 1) 
Precordial echocardiography did not show a 
defect related to infective endocarditis in two 
patients. In six patients the images suggested 
the possibility of vegetations. Vegetations were 
positively identified in three patients. In one 
patient (case 12) the mitral valve was abnormal. 
Transoesophageal echocardiography showed 
valve abnormalities in all 12 patients, vegeta- 
tions in nine, and complications in five. These 
data were confirmed at operation in seven 
patients. Five patients were successfully 
treated with antibiotics. 


NATIVE AORTIC VALVE (NINE PATIENTS, TABLE 2) 
Precordial echocardiographic studies did not 
show a defect in three patients. Vegetations 
were suspected in three patients and were 
definitely seen in three other patients. Signs of 
a complex abnormality were seen in three 
patients (patients 7—9). 

Transoesophageal echocardiography iden- 
tified the valve defect in all nine patients. 
Vegetations were seen in all and additional 
complications were identified in four (patients 
5-8). In eight patients the data were confirmed 
at operation. The remaining patient (case 6) 
was successfully treated with antibiotics. The 
additional feature of perforation of the aortic 
cusp was missed in two patients with one or 
both techniques (patients 4, 5, and 9). 


Table 2 Detection of vegetations or compltcations or both in patients with aortic valve endocarditis 











‘Nutrient vale Precordial echocardiography Transoesophageal echocardiography 
Patent no Vegetations Complicanons Vegetations Complications Operation 
1 = - + - P 
2 - - + - P 
3 bicuspid = - + = P 
4 ? * + x P 
5 bicuspid (fig 2) ? s + Aortic cusp perforation P 
6 bicuspid ? = + Mycotic aneurysm NP 
posterior and 
subannular to sorta 
7 + Abnormal MY + MY cordal rupture P 
8 + Mycotic aneurysm + Mycotic aneurysm P 
anterior and supra- + anterior and supra- 
annular to aorta annular to aorta 
9 bicuspid + Aortic cusp + h P 


perforanon 
MV, mutral valve, P, performed; NP, not performed. *Aornc cusp 


perforation mussed. 


Transoesophageal echocardiography 
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Detection of vegetations or complications or both in patients with prosthetic valve endocarditis 
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p > Precordial echocardiography 
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Transoesophageal echocardiography 
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Patient no Vegetations Complications Vegetations Complications Operation 
IM P 
2M NP 
3A Valve dehiscence P 
4A Valve dehiscence P 
5A Valve dehiscence P 
6A Valve dehiscence and P 

mycotic aneurysm 
posterior and 
subannular to aorta 
7A Abnormal echo Mycotic aneurysm P 
structure in LA? posterior and 
subannular to aorta 
8A Mycotic ancurysm Mycotic aneurysm $ 
posterior to aorta posterior and 
subannular to aorta, 
and intramural abscess 
9 MA Mycotic aneurysm Valve dehiscence (A P 
anterior to aorta 

10 MAT (fig 1 Mycotic aneurysm P 

of M annulus 

11 MAT Valve dehiscence (M P 

12 MAT (fig 4 Mycotic ancurysm Mycotic ancurysm P 

anterior to aorta at the posterior 
aortic annulus and 
flail Hancock (M 
M, mitral prosthesis; A, aortic prosthesis; T, tricuspid prosthesis; LA, left atrium; P, performed; NP, not performed; 


*Died, no necropsy 


PROSTHETIC VALVE (12 PATIENTS, TABLE 3 

Precordial echocardiography did not show any 
defect in eight patients. In one patient (case 7 
an abnormal echo structure was noticed in the 
left atrium; the cause was not identified. In 
three patients (cases 8, 9, and 12) a mycotic 
aneurysm was found anterior to the aortic 
prothesis. Transoesophageal echocardio- 
graphy showed vegetations in four patients: in 
three patients these were attached to the left 
atrial site of the mitral prosthesis and in one 
patient at the aortic valve ring. Complications 
were found in 10 patients: dehiscence of the 


LA. 


Figure 1 
a patient 

a) A 
black arrows 





posterior site of an aortic prosthesis in six; 
mycotic aneurysm in five; left ventricular free 
wall abscess in one patient; and a flail leaflet of a 
Hancock mitral prosthesis in one patient. The 
echocardiographic findings were confirmed at 
operation in 10 patients. One patient died 
necropsy was not performed), and one patient 
was successfully treated with antibiotics. 


Discussion 
Infective endocarditis is potentially a life 
threatening disease. The need for operation in 





Transoesophageal echocardiographic systolic still frames (a, b, c) from 
with endocarditis of the mitral Björk-Shiley prosthesis (table 3, case 10 
well as a vegetation attached to the left atrial site of the prosthesis ( BS, 

b) a small and pulsatile mycotic aneurysm was seen at the mitral 
annulus ( arrow c) Follow up examination after a period of pulmonary oedema 
showed a perforation (arrow) of the aneurysm resulting in partial valve 

dehiscence. This was not detected by precordial echocardiography. LA, left atrium; 
LV, left ventricle; RA, right atrium 
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Figure 2 Transoesophageal 
echocardtographic diastolic 
still frame from a patient 
with endocarditis of a 
native aortic valve (table 
2, case 5 shor nga 
perforation in the aortic 
cusp (arrow) with a 
vegetation. This was not 
detected by precordial 
echocardiography. Ao, 
aorta; LA, left atrium; 
LV, left ventricle 


Taams, Gussenhoven, Bos, de Jaegere, Roelandt, Sutherland, Bom 





these patients usually indicates that the diag- 


nosis and onset of treatment have been 
delayed.’ 
The incidence of detectable mycotic 


aneurysms or abscess formation during life is 
not known, but these complications were 
often found in necropsy series. ™™? Because 
perivalvar infective endocarditis is usually 
associated with a higher incidence of serious 
complications, a more complicated surgical 
procedure, or death” ™®™ early diagnosis is 
essential.” But angiography proved to be of 
limited value. ®™ Despite increasing 
experience in precordial echocardiography and 
the availability of more complex equipment, 
false negative studies in native valve endo- 
carditis were reported. *™ 

In patients with prosthetic valve endo- 
carditis, the prosthesis can interfere with the 
ultrasound beam and ultrasound artefacts can 
hamper an adequate precordial study.’ ™ 
Limited resolution from the precordium also 
produced false positive images when there was 
pre-existing valve disease, which interferes 
with the precise visualisation of the under- 
lying infectious process and any associated 
complications." 

The proximity of the transducer to the heart 
and avoidance of chest wall interference during 
transoesophageal echocardiography allows the 
use of a high frequency beam and this gives 
images of high resolution™™ showing the pre- 
cise shape of the cardiac defect. 

In all 33 patients in this study with clinically 
suspected endocarditis transoesophageal 


echocardiography (with a 5-6 MHz transducer 
detected vegetations or complications or both. 





Figure 3 Transoesophageal echocardtographic systolic still frame (a, b) froma patient 


with endocarditis of the native mitral valve 
aneurysm 

large arrow 
Slight superior tilting of the transducer showed that there was no 


aortic junction atic 
ventricular outflow tract 
small arrow b 


myci 


table 1, case 12). (a) A subannular (to the 
asterisk) with a fistulous connection of the left 


via the aneurysm into the left atrium (LA, 


communication between the aneurysm and the left ventricle or left atrium. LV, left 
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Using a 3-5 MHz transoesophageal transducer 
Daniel and co-workers achieved a detection 
rate of 85°,.'° With precordial echocardio- 
graphy we detected valve defects in 30°, of 
patients. Twenty five eventually underwent 
operation because transoesophageal echo- 
cardiography established the diagnosis without 
preoperative angiography. 

The findings at operation show that false 
positive diagnoses did not occur with trans- 
oesophageal echocardiography. The technique 
failed to show aortic cusp perforation in two 
patients. The explanation for this may be the 
combination of the size and position of the 
perforation within the aortic cusp. Neither 
medical management nor operation was 
influenced by the absence of this specific 
information. Though the information obtained 
with transoesophageal echocardiography in the 
eight unoperated patients could not be 
independently confirmed, the quality of the 
images meant that an unequivocal diagnosis 
was possible. 


NATIVE VALVE ENDOCARDITIS 
Transoesophageal echocardiography detected 
many more vegetations in patients with native 
valve endocarditis (86° than precordial 
echocardiography (28 Complications too 
were more often detected with trans- 
oesophageal echocardiography (48",,) than 
precordial echocardiography (20",). Five 
distinct pathological features in native mitral 
valve endocarditis were seen only with trans- 
oesophageal echocardiography. These were 
(a) mitral valve stenosis with vegetations; 
b) myxomatous degeneration of leaflets with 
vegetations; (c) cordal rupture with vegetations 
and (d) without vegetations, and (e) mycotic 
aneurysm with fistulous connection (fig 3). 
Similarly, in patients with aortic valve 
endocarditis high resolution images showed 
vegetations on a bicuspid aortic valve. The 
precise origin and outline of mycotic 
aneurysms were clearly shown. 


PROSTHETIC VALVE ENDOCARDITIS 
Transoesophageal imaging showed the defect 
in all the patients whereas precordial echo- 
cardiography was successful in only a third. 
This is not surprising because when a pros- 
thetic valve is present the transoesophageal 
approach avoids ultrasonic shadowing by the 
prosthesis. In four patients with prosthetic 
valve endocarditis transoesophageal echo- 
cardiography detected vegetations that were 
not depicted by the precordial approach. 

Complications at the valve ring of a mitral 
prosthesis (fig 1) or posterior portion of the 
aortic prosthesis (fig 4) are well displayed by 
transoesophageal echocardiography. But in 
patients with an aortic valve prosthesis the 
anterior aortic root is best displayed by the 
precordial approach. This observation is high- 
lighted in two patients (table 3, patients 9 and 
12) in whom precordial echocardiography 
showed evidence of a mycotic aneurysm in 
front of an aortic prosthesis (fig 4). Trans- 
oesophageal echocardiography did not identify 
this defect, though a mycotic aneurysm in the 
posterior valve ring was diagnosed only by this 
technique (fig 4). 
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and allowed appropriate 
clinical management in all 


diagnostic 
decisions about 
patients. The technique was useful where 
clinical features suggested endocarditis and 


were 


precordial echocardiographic imaging was 
either equivocal or negative. We think that 
transoesophageal echocardiography is the best 
diagnostic approach in patients with suspected 
endocarditis of either a native or prosthetic 
valve. 
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Familial restrictive cardiomyopathy with 
atrioventricular block and skeletal myopathy 


A P Fitzpatrick, L M Shapiro, A F Rickards, P A Poole-Wilson 


Abstract 

Five generations of an Italian family with 
an autosomal dominant restrictive 
cardiomyopathy are described. Members 
of four generations were examined. 
Symptoms usually developed in the third 
or fourth decade but the disease did occur 
in childhood. Initially the condition was 
characterised by normal ventricular size 
and systolic function with increased dias- 
tolic filling pressures in both ventricles 
and consequent bi-atrial enlargement. 
Cardiac catheterisation showed a left 
ventricular filling pattern of “dip and 
plateau”. The electrocardiogram 
typically showed non-specific changes in 
the ST segment and T wave and changes 
indicating considerable atrial enlarge- 
ment, which were confirmed by echo- 
cardiography. Light microscopy of two 
endocardial biopsy specimens showed 
no specific features but excluded the 
endomyocardial fibrosis of eosinophilic 
heart disease, amyloid, and specific heart 
muscle diseases. At necropsy in one case 
examined under light microscopy exten- 
sive patchy fibrosis was found throughout 
the endocardium, myocardium, and 
subepicardium, but there were no 
features typical of eosinophilic heart dis- 
ease. Histopathological and biochemical 
examination of skeletal muscle identified 
no abnormality. The disease often had an 
insidious course over five to ten years 
after presentation. Bundle branch blocks, 
leading to complete atrioventricular 
block, however, often occurred and may 
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individuals who survived into the fifth 
decade developed a progressive, non- 
wasting skeletal myopathy. 


Restrictive cardiomyopathy gives rise to 
impaired compliance, impedance to ventricular 
diastolic filling, and cardiac failure. The best 
recognised cause of this abnormality is the 
spectrum of diseases encompassing Davies’s 
endomyocardial fibrosis and Loffler’s endo- 
carditis.’ Typically, in this restrictive 
cardiomyopathy there is gross endocardial 
fibrosis. This represents the end stage of a 
process that starts with inflammation, with 
eosinophilic infiltration, and myocardial 
necrosis.” Frequently there is endocardial 
thrombus formation, leading to thrombo- 
embolism. There may be involvement of the 
atrioventricular valves and cavity obliteration.” 
Other specific heart muscle disorders such as 
amyloid and haemochromatosis can also 
produce the haemodynamic characteristics of 
myocardial restriction. 

We describe an hereditary disease producing 
features typical of ventricular restriction but 
without the gross endocardial changes usually 
seen. There was an associated but uncharacter- 
ised, non-wasting skeletal myopathy. The 
aetiology and pathogenesis are unknown. 


Patients and methods 

CLINICAL DATA 

Two siblings (cases III.9 and III.10) received 
cardiac pacing for atrioventricular block. 
There was limited investigation at the time of 
pacing. 
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Familial restrictive cardiomyopathy with atrioventricular block and skeletal myopathy 


Figure 2 Left ventricular 
pressure trace in case 
III.10 showing a typical 
“dip and plateau” 
diastolic waveform of 
restrictive disease 
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With time similar cases presented among 
relatives. A detailed family history suggested 
an hereditary cardiac disease and we examined 
four generations of the family (fig 1). Members 
of a fifth generation (cases I.1 and I.2) are also 
described but were not examined. Cases III.9 
and III.10 are described in detail. The table 
shows data on 15 confirmed or probable cases 
out of 48 family members in the pedigree. 

‘Those who were examined and thought to be 
unaffected were symptom free individuals with 
normal physical examination and electro- 
cardiography. One unaffected individual] had a 
normal echocardiogram and skeletal muscle 
biopsy (case IV.1). 


Case HI.9 
In 1974 a forty year old woman was referred for 
emergency cardiac pacing because of atrio- 
ventricular block. The  electrocardiogram 
showed 2:1 second degree atrioventricular 
block and left atrial enlargement, which was 
confirmed by echocardiography. This also 
showed that ventricular systolic function was 
good. Cardiac catheterisation showed normal 
coronary arteries and normal ventricular size 
and function. Pressure traces were not available 
for review. Endomyocardial biopsy specimens 
were taken. These were examined by light 
showed regularly 
arranged myocardial fibres with mild hyper- 
trophy. There was no endomyocardial fibrosis. 
Congo red staining for amyloid was negative. 
After pacing she remained well for eight 
years but then became progressively disabled 
by a non-wasting myopathy affecting 
principally the proximal and distal muscles of 
her arms and legs, and also by exertional 
dyspnoea. Electromyography confirmed a 
primary muscle disorder without evidence of 
myotonia. Skeletal muscle obtained from the 
pectoralis major when the pacemaker pulse- 
generator was renewed showed some scanty 
fibrosis but no other histological abnormality. 
Biochemical analysis of this specimen showed 
higher activity of mitochondrial cytochrome 
oxidase than control specimens from the 
quadriceps. This may simply reflect differ- 
ences in muscle fibre type. The activities of 
cytochrome oxidase and succinate cytochrome 
c reductase were normal, as was oxidation of 
pyruvate and palmitoy] carnitine. There was no 
evidence of carnitine deficiency or amyloid 
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infiltration. She died suddenly in July 1988. 
Pacemaker function was normal. 


Case III.10 

In 1980 a forty one year old man was referred 
with dyspnoea and chest pain. The electro- 
cardiogram showed right bundle branch block, 
left axis deviation, and first degree heart block 
with right atrial enlargement. There were non- 
specific abnormalities of the ST segment and T 
wave. Echocardiography showed global 
impairment of left and right ventricular systolic 
function with right ventricular hypertrophy 
and paradoxical septal motion. The right 
ventricle was enlarged but the left was of 
normal dimensions with impaired contraction. 
There was enlargement of both atria, At 
cardiac catheterisation contrast ventriculo- 
graphy showed poor systolic function of both 
ventricles. The coronary arteries were normal. 
All intracardiac pressures were raised and the 
left ventricular diastolic pressure showed the 
“dip and plateau” appearance often seen in 
myocardial restriction (fig 2). Endomyocardial 
biopsy specimens were taken from the left and 
right ventricles. These were examined under 
light microscopy only and showed no evidence 
of endomyocardial fibrosis. Congo red staining 
for deposition of amyloid was negative. 
Electrophysical studies showed normal 
atrioventricular conduction but in view 
of the family history permanent ventricular 
pacing was started. 

In early 1987 a proximal left lez weakness 
developed and a biopsy specimen was taken of 
the quadriceps muscle. This showed some mild 
atrophy and fibrotic changes. A few abnormal 
fibres with dark staining edges were seen in 
trichrome and NADH stains. One vacuolated 
fibre was invaded by macrophages and con- 
tained fat globules. The activities of cyto- 
chrome oxidase and succinate cytochrome c 
reductase were normal as was oxidation of 
pyruvate and palmitoyl carnitine. Carnitine 
concentrations were normal. 

He died suddenly in 1987. Necropsy showed 
some dilatation of all cardiac chambers but 
principally of the right atrium and ventricle. 
There was extensive patchy fibrosis in the 
epicardium, myocardium, and endocardium. 
The atrioventricular valves were not affected 
and endomyocardial fibrosis was not seen. The 
His bundle was extensively fibrosed. There 
was mild coronary atherosclerosis. Pacemaker 
function was normal. 


Discussion 

We found that symptoms associated with this 
restrictive cardiomyopathy usually developed 
in the third or fourth decade, though children 
might be affected. Asymptomatic ventricular 
restriction may occur before pulmonary venous 
hypertension leads to symptoms or before 
atrioventricular block intervenes. Skeletal 
muscle weakness may occur some years after 
the initial cardiac manifestations, usually in the 
fifth decade. Asymptomatic impairment of 
ventricular diastolic function with raised dia- 
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Chnical features and laboratory data in 15 individuals with restrictive cardiomyopathy 


Fitzpatrick, Shapiro, Rickards, Poole-Wilson 








Bropsy 
Age Catheter 

Case Sex (D=Dead) Symptoms ECG EMG Echo EPS (mm Hg) Endocardial Skeletal 

Ll M 43D Sudden death — — — — — — — 

I.3 M 46D SOB, proximal — — — — — — — 
leg weakness 

II.1 M 45D Sudden death — — — — — — — 

2 F 37D Sudden death — — — — — — — 

III.9 F 53D SOB, severe 1974.21 Myopathy, Left atrium +, AH 130 ms, Left venm- Mild hyper- Cytochrome 
p and A-V block excess left ventricular HV 80 ms culogram normal, trophy and oxidase 
distal arm polyphasic sıze and coronaries fibrosis increase, 
and leg potentials systolic function normal (no otherwise 
weakness normal Paana taces) normal 

W110 M 46D Chest pain, 1980: RBBB, — Right arium +, AH 100 ms, rana nd sant Mild inflam- Normal light 
SOB, proximal > nght ventricle+, HV 80 ms matory microscopy and 
and distal RA ++, left atrum + heat ed poor, changes muitochondial 
leg weakness PR 220 ms, left and night RAP TO, v = 25; enzyme 

PRWP. ventricles poor PAPI, funcnon 
ALST/TC systolic ; 
function v = 24; 
RV 32/5/16; 
LV 125/12/20, 
dip and plateau 
diastolic 
waveform, mild 
coronary artery 
IV.8 M 18D SOB 1979 — — _ RAP T7; — — 
LA+,RA+, RV 42/2/12, 
BB, PCWP 18, 
ALST/TC v= 25; 
LV 115/34; 
no traces available 

IV.9 M 15D SOB, 1979. — Left atrium + +, — RAP — — 

palpitation RA++, right amum + +, RV 35/3/13; 
LA+, left ventricular PAP 30/1 15 35, 
ALST/TC size and systolic PCWP 
function normal v= 25, 
LV 100/—/20; 
no traces available 

IV10 M 28 SOB, 1983 — — — — — — 

chest pun PRBBB, 
LA+,RA+, 
ALST/TC 

IVI F 6D Sudden death — — — — — — — 

IV.12 F 16D Sudden death — — — — — — — 

IIL11 M 39D Chest pain, 1974: — — — — — — 

SOB PRBBB, 
LAHB, 
PR 200 ms, 
ALST/TC 
HI.13 M 50D Chest pain, 1979 Myopathy, — — — — — 
SOB, PRBBB, 
proxmal and 7 spontancous 
distal R arm PR normal, activity 
and leg RA+,LA+, 
weakness ALST/TC, myotonia 
1982: 
LBBB, 
PR 200 ms 
IV.2 M 30 None 1985 — Left atrium + AH 80 ms Left ventnculo- — Normal 
LA+, right atrium +, HV 30 ms normal; mucroscopy and 
ALST/TC, right and left RAP 7; mitochondrial 
PRWP ventricular size RV 45/5/18 enzyme funcnon 
and systolic PAP PAP 40/25/33, 
function normal 
v = 25; 
LV 125/8/28; 
no dip and 
plateau, 
coronaries normal 
IV3 M 28 None 1988: — — —— — — — 
LA+, 
ALST/TC 


AH, conduction ume from atrioventricular node to His bundle at intracardiac electrophysiological study, A-V, atrioventricular; ALST/TC, anterolateral ST 
BCG, surface electrocardiogram, Echo, cross sectional and M mode hy, 


segment and T wave changes on surface electrocardiogram; 


EMG, electromy: 


electrocardiogram by voltage criteria (+ + very enlarged), 


available, pressure traces at 


PCWP, pulm 


; EPS, intracardiac electrophysiological study; HV, conduction time from His bundle to ventricle; LA+, left atrial ieee on surface 
LAHB; left anterior hemifascicular block; LBBB, left bundle branch ‘block; LV, left ventricle; No traces 


cardiac catheterisation not available for analysis (all catheter pressures are in mm Hg as indicated), PAP, pulmonary artery preanires, 
onary capillary wedge pressures; PRWP, poor R wave progression in precordial leads; RA, right atrium, RAP, mean right atrial pressure, RBBB 
night bundle branch block (PRBBB, partial block); RV, right ventricle, SOB, short of breath on exertion, v = height of v wave in PCWP. 


stolic pressures may be the earliest manifesta- 
tion of the disease. This was seen in case IV.2. 
In cases III.9 and III.10 symptoms of cardiac 
failure persisted for many years after initial 
presentation without evidence of ventricular 
dilatation. 

Two cases occurred in childhood (IV.8 and 
IV.9) and two more children who died sud- 
denly are thought to have had the disease (cases 
IV.11 and IV.12). In cases IV.8 and IV.9 the 
disease was rapidly-progressive leading to death 


in the second decade despite permanent pacing. 
Ventricular dimensions were normal although 
in cases IIJ.10, IV.2, IV.8, and IV.9 both left 
and right ventricular diastolic pressures were 
raised (table 1). Left ventricular systolic func- 
tion may be preserved after symptoms have 
developed, as in case III.9. The extent and 
location of fibrosis may determine the clinical 
course—for example the development of 
atrioventricular block or pulmonary venous 
hypertension caused by raised left ventricular 
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Figure 3 An 
electrocardiogram of case 
111.13 from 1979 showing 
incomplete right bundle 
branch block, left axis 
deviation, left and right 
atrial enlargement, and 
ST and T wave 


abnormalities. 


Figure 4 Cross sectional 
echocardiogram from an 
apical four chamber view 
showing biatrial 
enlargement (the right 
ventricle and atrium lie on 
the right in frame 


ith atrioventricular block and skeletal myopathy 
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diastolic pressure. Poor left ventricular systolic 
function develops late in the course of the 
disease as does the skeletal myopathy. Left 
ventricular dilatation is not an early feature, 


perhaps because fibrosis stiffens the 
myocardium. 
The electrocardiographic features were 


striking. Typically, P waves were exceptionally 
tall in the right precordial leads and broad in 
the standard leads owing to considerable 
enlargement of both atria (fig 3); this was 
confirmed by echocardiography (fig 4). First 
degree atrioventricular block was often seen. 
There were often partial or complete bundle 


branch block patterns; and attenuation of 


precordial R wave progression, ST segment 
changes, and T wave abnormalities were 
common. Fibrosis in the conducting system 
accounts for the development of atrio- 
ventricular block. Electrophysiological studies 
were performed in three cases. In case III.9 


there was clear evidence of prolongation of 


conduction times between the atrioventricular 
node and His bundle and the His bundle and 
ventricle. In case III.10 conduction times were 
normal but follow up after pacing showed 
that complete atrioventricular block had 
supervened. In the symptom free (case IV.2) 
electrophysiological studies were normal. The 








progress of disease in the conduction tissue was 
shown by changes in the surface electro- 
cardiogram in case III.13. In 1979 the elec- 
trocardiogram showed partial right bundle 
branch block and left posterior fascicular block 
with a normal PR interval. Three years later 
there was complete left bundle branch block 
and first degree heart block. 

Extensive patchy fibrosis was found 
throughout the heart in case III.10. Gross 
endocardial fibrosis is the pattern more 
typically associated with endomyocardial 
fibrosis and eosinophilic heart disease. Lof- 
fler’s endomyocarditis, with inflammation, 
eosinophilic infiltration, and necrosis may be 
the acute form of such eosinophilic heart dis- 
ease.' Eosinophilia may be present at some 
stage in all cases of this type of restrictive 
cardiomyopathy, and D’Arbela er al recorded a 
mean survival of 24 months after presentation 
in one series.’ In eosinophilic heart disease, 
because the fibrotic process is mainly confined 
to the endocardium, atrioventricular block is 
not a feature and skeletal muscle involvement 
has not been described. Eosinophilia was not 
found at any stage in any of this family and the 
disease clearly has an insidious course in most 


cases. 
The pathogenesis of this condition is 
unknown. Endocardial biopsy specimens 


obtained from two patients at the time of initial 
investigation were subjected to only very 
limited histological examination. At that time 
the possibility of a familial cardiomyopathy had 
not been identified. Carnitine deficiency, 
which has been associated with familial 
cardiomyopathy,’ was excluded in skeletal 
muscle specimens. Amyloid infiltration can 
produce impaired compliance’ by stiffening 
the myocardium, but was not seen in any 
specimen. Other specific heart muscle 
disorders that have been associated with 
restrictive haemodynamic function are haemo- 
chromatosis’ and collagen diseases such as 
scleroderma,” but there was no evidence of 
these diseases in the family we studied. 

There are reports of similar cases to those in 
this family. Benotti er a/ described nine patients 
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(from a retrospective analysis of cardiac 
catheterisation data) with restrictive ventri- 
cular diastolic pressure profiles and reported a 
good outcome.’ Two endocardial biopsies were 
performed and in both the specimens were 
normal. Seigel et al” reported four cases of 
idiopathic restrictive cardiomyopathy with 
many similar features to this family. The 
disease was characterised by restrictive 
haemodynamic dysfunction, atrial dilatation, 
and, in one patient, the development of 
atrioventricular block. In this series the mean 
tıme of survival was nine years after cardiac 
symptoms had developed. Necropsies were 
performed in all four patients. There was no 
endomyocardial fibrosis typical of eosinophilic 
heart disease.” There was considerable dilata- 
tion of both atria and patchy endocardial 
fibrosis, with appreciable fibrotic infiltration of 
the myocardium that spared the atrioven- 
tricular valves. The patient with atrioven- 
tricular block had extensive His bundle 
fibrosis. None of these patients, however, is 
reported to have been related, nor does skeletal 
muscle weakness feature in these reports. 

We report a familial disease of heart muscle 
producing myocardial restriction, apparently 
inherited as an autosomal dominant, and 
associated with atrioventricular block and a 
non-wasting skeletal myopathy. Heart block 
results from fibrosis in the conducting system. 
No endomyocardial fibrosis was seen, but 
fibrosis was found throughout the myocardium 


Fitzpatrick, Shapiro, Rickards, Poole-Wilson 


and epicardium at necropsy. This may be the 
end result of the pathological process and the 
cause of restriction. 
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Cardiac involvement in congenital myotonic 


dystrophy 


Hakan Forsberg, Bert-Ove Olofsson, Anders Eriksson, Staffan Andersson 


Abstract 

Seven young patients (mean age 19 years 
8 months) with congenital myotonic 
dystrophy and with defined symptoms at 
birth were investigated by electro- 
cardiography and echocardiography. 
None had cardiovascular symptoms. 
Electrocardiograms or echocardiograms 
or both were abnormal in all patients. 
Atrioventricular and intraventricular 
conduction defects were the most 
common electrocardiographic abnor- 
malities and were seen in five patients. 
The echocardiographic examinations 
showed impaired left ventricular systolic 
function in one patient. Other echo- 
cardiographic findings were a small left 
ventricle and atrium, minor valve 
defects, and mitral valve prolapse. 

This study shows that the heart is often 
affected in young patients with congenital 
myotonic dystrophy. The specialised 
conduction system is often affected and so 
too is the myocardium, causing impaired 
systolic function. 


Myotonic dystrophy is a multisystem disease 
that is inherited in an autosomal dominant 
fashion at a locus on chromosome 19.' The 
disease is characterised by variable expression 
and severity, and symptoms usually appear 
when the patient is between 20 and 50 years 
old.? In adults the heart is often affected,’ and 
the high incidence of sudden unexpected death, 
probably owing to arrhythmias or high degree 
atrioventricular block, is a major unsolved 
clinical problem in this disease.t? Electro- 
cardiographic and echocardiographic studies 
showed that the heart disease is progressive and 
that its severity corresponds to the severity of 
the neuromuscular disability.°* 

The term congenital myotonic dystrophy is 
applied to a subgroup of patients who have 
severe symptoms at birth. Newborn patients 
have respiratory and feeding problems, 
muscular hypotonia, and arthrogryphosis.’ 
Neonatal mortality is high. In surviving 
children a severe form of myotonic dystrophy 
develops with both neuromuscular and 
intellectual disability.” The genetic defect 
in congenital myotonic dystrophy is inherited 
via the mother and the possibility of 
non-mendelian cytoplasmic transmission was 
suggested"! 7 

We used electrocardiography and echo- 
cardiography to assess the extent to which the 
heart was affected in young patients with 
congenital myotonic dystrophy. 


Patients and methods 

We studied seven young patients with 
congenital myotonic dystrophy who fulfilled 
the diagnostic criteria of Volpe during the 
newborn period.’ Table 1 shows some of the 
neonatal features in the patients. We studied all 
surviving patients with congenital myotonic 
dystrophy who had been diagnosed since 1970 
at the Department of Paediatrics, Central 
Hospital, Boden, Sweden. This department 
serves the coastal region of Norrbotten, the 
northernmost province of Sweden, with 95 000 
inhabitants and an exceptionally high 
prevalence of myotonic dystrophy.’ The mean 
age of the patients was 19-7 years (range 11-27 
years). Table 1 presents some additional 
clinical characteristics of the patients. There 
were two pairs of siblings (patients 2 and 3 and 
6 and 7). Most patients were thinner than 
normal, and only one had a body mass index of 
>20 kg/m’. Six patients had a straight or 
scoliotic thoracic spine and a short antero- 
posterior thoracic diameter. 

The severity of the neuromuscular disability 
was classified on the basis of the patient’s 
ability to perform those daily activities that can 
be limited by neuromuscular symptoms: mild, 
subjective symptoms but no functional dis- 
turbances; moderate, functional disturbances 
but the patient is able to undertake all activities 
of daily life and is able to do a light job; severe, 
major functional disturbances with the patient 
being incapable of undertaking most daily 
activities. Intellectual disability was classified 
according to the patient’s ability to read 
ordinary texts: mild, minor reading difficulties; 
moderate, pronounced reading difficulties; 
severe, the patient was unable to read. The 
severity of neuromuscular disability was 
classified as mild in one, moderate in five, and 
severe in one of the patients; and the intellec- 
tual disability was classified as moderate in 
three and severe in four of the patients. None of 
the patients had any symptoms attributable to 
heart dysfunction or was taking medication 
known to induce electrocardiographic or 
echocardiographic changes. All patients had a 
normal blood pressure. 

A 12 lead electrocardiogram (I, II, ITI, aVR, 
aVL, aVF, V1-V6) was recorded at a paper 
speed of 50 mm/s. The evaluation included a 
classification according to the Minnesota code” 
of arrhythmias, P wave amplitude, atrio- 
ventricular and intraventricular conduction 
defects, Q and QS patterns, hypertrophy 
patterns, ST elevation/depression, and T wave 
features. We used the criteria of Castellanos 
and Lemberg for fascicular blocks.“ A P wave 
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Table | Chmcal characteristics of seven patients with congenital myotonic dystrophy 








Breathing problems 

Feeding problems 

Hypotonia 

Facial diplegia 

Arthro homs 
Thoracic deformity 


Patient number 

1 2 3 4 5 6 7 
F F M F F F M 
26 27 25 1l 19 16 14 
144 156 165 152 187 212 148 
Mod Mod Mod Mild Mod Mod 8 
Mod S S Mod Mod §& S 
+ + + + + + + 
+ * + + + + - 
* + + + + + + 
+ + + + + + + 
* + + * * * + 
+ + + + + + + 
+ + + - + + + 





BMI, body mass index, Mod, moderate; S, severe, *data not available. 


of >0-13 mm was defined as broadened. The 
QT interval was corrected for differences in 
heart rate by a modification of Bazett’s formula 
(QTc = QT/./RR, where the QTc interval is 
the corrected value of the QT interval and RR 
is the cardiac cycle length.” 

An ATL Ultramark 8 sonograph (Advanced 
Technology Laboratories, Bothell, Washing- 
ton, USA) was used for M mode, cross sec- 
tional, and Doppler echocardiography. The 
patients were examined lying on their left side 
and back while breathing quietly, and traces 
were obtained with the transducers in the 
parasternal, apical, and subcostal positions. M 
mode measurements were performed in accor- 
dance with the standards of the American 
Society of Echocardiography,'* and the values 
obtained were compared with normal values 
presented by Henry et al.” Left ventricular 
systolic function was measured as fractional 
shortening (left ventricular end diastolic 
diameter minus left ventricular end systolic 


Table 2 Electrocardtographtc findings in seven patients with congemtal myotonic 











dystrophy 

Panent number 

I 2 3 4 5 6 7 
Sinus rhythm + + + + + + + 
Extrasystoles =- = = - - + - 
Heart rate (beats/min) 86 57 68 94 TI TI 78 
P wave N N N N N N N 
First degree AV block + + + - - + + 
PQ interval (s) 020 0 22 024 016 018 0 20 021 
TV block LBBB LAFB LAFB — LAFB - LPFB 
QRS interval 013 011 010 008 008 009 009 
QT interval (s) 0 37 0 42 0 40 030 0 34 039 037 
QTc interval (s) 044 041 0 43 038 0 38 0 44 0 42 
T wave N N N N N N N 
QRS axis (degrees) +0 -40 —45 +90 —40 +80 +135 

deviation = - - = = - - 





N, normal, AV, atrioventricular; IV, intraventricular, era left bundle branch block; LAFB, 
left anterior fascicular block; LPEB, left posterior fascicular block 


Table 3 Echocardiographic findings in seven patients with congenital myotome 
dystrophy (abnormal results are underlined ) 








Aortic diameter (mm) 
Left atrial diameter (mm) 


) 
Fractional shortening (%) 
Normal right ventricle 
Valve abnormal 


ty 
Hyperrefractile myocardial echoes 


Patient number 


2 





w 
A 
aw 
N 





RA & 


[Et SanBSeo > 
1E+8ooRBS8R 

s 

11+ Sa nrh8e 

I 1+8S082E8 


(ats 
11 +PeooltBBR] “ 





LVD(D), left ventncular end diastolic diameter, LVD(S), left ventricular systolic diameter; 
IVS, interventricular septal thickness; PWT, left ventricular posterior wall thickness, MR, 
mitral regurgitation, TR, tricuspid regurgitanon; MVP, mitral valve prolapse. 
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diameter divided by left ventricular end dias- 
tolic diameter). Right ventricular dimensions 
and systolic function were subjectively 
estimated as normal or abnormal. Mitral valve 
prolapse was diagnosed when the criteria of 
Devereux et al? were fulfilled. We defined 
hyperrefractile myocardial echoes as strongly 
refractile myocardial echoes persisting in dif- 
ferent projections or angulations at gain set- 
tings low enough to eliminate completely the 
echoes from the surrounding endocardium and 
myocardium.’ 


Results 

Table 2 shows the electrocardiographic find- 
ings. Six patients had abnormal electrocar- 
diograms with atrioventricular or intraven- 
tricular conduction defects or both. First 
degree atrioventricular block was found in five, 
left anterior fascicular block in three, left 
bundle branch block in one, and left posterior 
fascicular block in one of the patients. There 
were combined atrioventricular and intraven- 
tricular conduction defects in four electrocar- 
diograms. All patients had normal sinus 
rhythm; one had solitary supraventricular 
extrasystoles. Hypertrophy patterns, abnormal 
Q waves, prolonged QT intervals, or ST-T 
changes were not found. 

Table 3 shows the echocardiographic find- 
ings. The echocardiograms were abnormal in 
all patients. The left ventricular end diastolic 
diameter was shorter than normal in three 
patients, and two of these also had a short left 
ventricular end systolic diameter. One of the 
patients showed decreased fractional shorten- 
ing with normal left ventricular dimensions 
and no local hypokinesia. One echocardiogram 
fulfilled the criteria of mitral valve prolapse. 
Doppler echocardiography showed mitral 
regurgitation in one and tricuspid regurgitation 
in another of the patients. These regurgitations 
were minor, but in both cases sufficiently large 
to be classified as abnormal by the investigator. 
The patients with mitral valve abnormalities 
had normal left ventricular dimensions and 
fractional shortening, and the patient with 
tricuspid regurgitation had no signs of right 
ventricular abnormalities. None of the patients 
had wall hypertrophy, ventricular dilatation, 
pericardial effusions, or abnormal myocardial 
texture. 


Discussion 

Congenital myotonic dystrophy is a rare dis- 
order. O’Brien and Harper estimated the 
prevalence as 1 per 100000 inhabitants in 
Wales,” and Wesstrom et al reported an 
incidence of 1 per 3350 live births in Sweden.”! 
Our seven patients live in a region with 95 000 
inhabitants and an exceptionally high 
prevalence of myotonic dystrophy.’ A high 
regional prevalence is a prerequisite of sys- 
tematic studies; this may explain why the effect 
of congenital myotonic dystrophy on the heart 
has not been studied before. The absence of 
young children in our series is probably the 
result of genetic counselling during the past 
decades. 
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Our knowledge of the prevalence and 
features of the heart disease associated with 
myotonic dystrophy is based on electrocar- 
diographic and echocardiographic studies of 
patients in whom symptoms generally started 
in adulthood. Occasional patients with congen- 
ital disease are probably included in these 
series, but usually these cannot be identified 
from patient data. Electrocardiographic abnor- 
malities were reported in most patients with 
myotonic dystrophy.’ We found, in a recent 
study, abnormal electrocardiograms in 63% of 
all patients and in 96% of those with severe 
neuromuscular disability.’ Atrioventricular 
and intraventricular conduction defects were 
the most common abnormalities but atrial 
fibrillation, abnormal Q waves, and repolarisa- 
tion abnormalities were found in patients with 
severe neuromuscular disability. Echocardio- 
graphic and radionuclide studies have shown 
that the myocardium is affected in some 
patients with myotonic dystrophy, causing 
ventricular wall hypertrophy, left ventricular 
dilatation, and reduced fractional shorten- 
ing.>’™ In another echocardiographic study of 
another 30 adult patients we found left ven- 
tricular dilatation in six (20%), decreased left 
ventricular systolic function in five (17%), and 
left ventricular hypertrophy in four (13%).° 
The frequency and severity of electrocar- 
diographic and echocardiographic abnor- 
malities increased with the increasing severity 
of neuromuscular disability.’ ° 

In this study we found electrocardiographic 
abnormalities in six out of seven patients with 
congenital myotonic dystrophy. The main 
electrocardiographic finding, a high prevalence 
of atrioventricular and intraventricular con- 
duction defects, accords with previous findings 
in patients with onset of symptoms in adult- 
hood. No electrocardiogram in this series 
showed atrial fibrillation, abnormal Q waves, 
or repolarisation abnormalities—all signs of 
myotonic dystrophy that occur in adults with 
severe myotonic dystrophy.’ We found 
echocardiographic abnormalities in all seven 
patients. Myocardial involvement with 
decreased left ventricular systolic function was, 
however, found in only one of the patients. No 
echocardiogram showed left ventricular hyper- 
trophy or left ventricular dilatation. The clini- 
cal significance of some of these echocardiogra- 
phic changes such as subnormal left ventricular 
and atrial dimensions and minor valve regur- 
gitation without other signs of heart dysfunc- 
tion is unclear. Subnormal body mass indices 
and thoracic deformities may have contributed 
to these findings. Several groups have reported 
an increased prevalence of mitral valve 
prolapse in patients with myotonic dystro- 
phy,”* but we did not find any clear 
overrepresentation of this anomaly in our 
study. A putative causal association between 


* myotonic dystrophy and mitral valve prolapse 


was also questioned because myxomatous 


12) 


degeneration of the mitral valve or localised 
myocardial dysfunction have not been reported 
in myotonic dystrophy.’ ” 

We found signs of electrocardiographic or 
echocardiographic signs of heart involvement 
in all the patients with congenital myotonic 
dystrophy that we examined. Conduction 
defects were the main electrocardiographic 
finding. There were signs of impaired left 
ventricular function in one of the patients. The 
course and clinical implications of these 
features remain to be investigated. 
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Figure 1 


heart with left bronchial isomerism. The left bronchus ( L 
hyparterial) while the morphologically right bronchus is above the artery 


artery 
artery. 
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Abnormalities of the spleen in relation to 
congenital malformations of the heart: a survey of 
necropsy findings in children 


Christine Anderson, William A Devine, Robert H Anderson, Diane E Debich, 


James R Zuberbuhler 


Abstract 

A series of 1042 reports of necropsies on 
children dying at Children’s Hospital of 
Pittsburgh was reviewed. In each case, 
note was taken of the status of the spleen, 
the lobation of the lungs, the arrange- 
ment of the bronchi, the morphology of 
the atrial appendages, and the presence of 
any congenital malformations of the 
heart and great vessels and of any malfor- 
mations of the abdominal organs. There 
was isomerism of the left atrial appen- 
dages in eight (0°77), 13 (1:25%) showed 
isomerism of the right appendages, and 
seven (0°67%) had multiple spleens with- 
out having isomerism of the atrial appen- 
dages. Unexpectedly, a normal spleen was 
found in one patient with isomerism of 
the right appendages and also ina patient 
with isomerism of the left appendages. In 
one patient with isomeric left atrial 
appendages there was no spleen. The 
review showed that the morphology of the 


atrial appendages, and hence the 
arrangement of the atria, is not 
accurately predicted by the type of 


spleen. The arrangement of the atrial 
appendages is the most reliable guide to 
the recognised combinations of congen- 
ital cardiac malformations previously 


is longer than the right (R) 


described as “splenic syndromes”. 
Because there is no certain way of predic- 
ting all the malformations in patients 
with complex congenital heart disease, it 
is advisable to record separately for each 
patient the details of lobation of the lungs, 
the bronchial and atrial arrangement, 
anomalies of the heart and great vessels, 
the type of spleen, and any abnormal 
arrangement of the abdominal organs. 


It is now well recognised that complex con- 
genital malformations of the heart are 
associated with abnormalities of the spleen and 
abnormal arrangement of the other thoracoab- 
dominal organs.'’ Although it became fashion- 
able to call these cardiac syndromes “‘asplenia”’ 
and “‘polysplenia’’,’ it has since become clear 
that these are imperfect terms to describe the 
heart and its contained anomalies. This is 
because some patients without spleens have the 
constellation of lesions expected in ‘“‘poly- 
splenia’’, whereas the malformations expected 
in ‘“‘asplenia” can be found in patients with 
single or multiple spleens.”° The presence of 
right or left isomerism of the atrial appen- 
dages®“ is a much more accurate guide to the 
characteristic syndromes. Furthermore, some 
patients with multiple spleens and left isomer- 
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The arrangements of the bronchi are shown from behind in (a) a normal heart, (b) a heart with isomerism of the right bronchi, and lc) a 
The morphologically left bronchus is below the pulmonary 
(eparterial 


Black star = bronchus; white star = pulmonary 
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Morph left appendage 


Figure 2 


Figure 3 
spleens 





The normal heart is opened out to show the internal structures of the 
morphologically left and right atria. The tubular left atrial appendage has a narrow 
junction with the venous component of the atrium whereas the triangular right atrial 
appendage has a broad junction | dotted lines 
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ism of the thoracic organs can have normally 
constructed hearts with the atria in their nor- 
mal position.'* But how common is this find- 
ing? And how frequently are accessory, as 
opposed to multiple, spleens encountered by 
the paediatric pathologist? These questions are 
vital for those who try to understand and 
categorise congenital malformations of the 
heart.” '' To answer them, we have reviewed 
the necropsy records from Children’s Hospital 
of Pittsburgh over an 11 year period to ascer- 
tain the frequency and relation of abnormalities 
of the heart and thoracoabdominal organs. 


Patients and methods 

We examined the detailed reports on the 1158 
necropsies carried out on children who died at 
the Children’s Hospital of Pittsburgh from 
1976 to 1986 inclusive. Of these reports, 116 
were not included in the final analyses because 
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the necropsy had either been exclusively 
thoracic or abdominal. We did not include two 
cases of conjoined twins because their hearts 
were fused. 

We took information on the arrangement of 
the lungs, bronchi (fig 1), and atrial appendages 
(fig 2) from each report and noted any con- 
genital abnormalities of the heart and great 
vessels. These structures were assumed to be 
normal if not specifically described to the 
contrary. The state of the spleen was recorded, 
as well as any evidence of abnormal arrange- 
ment of the other abdominal organs. The 
spleen was designated to be normal, absent, 
multiple (fig 3), or accompanied by accessory 
splenules (fig 4). Multiple spleens were recor- 
ded only when specifically described as such by 
the reporting pathologist. It was more common 
for additional splenic tissue, when noted, to be 
reported as accessory. The hearts of all the 
patients with isomerism of the atrial appen- 
dages had been retained in the Heart Museum. 
We re-examined these in sequential segmental 
fashion, making particular note of the veno- 
atrial connections and any associated malfor- 
mations (fig 5). 


Results 

Table 1 shows the general findings from the 
survey of the 1042 cases, broken down accord- 
ing to splenic morphology. According to the 
morphology of the atrial appendages, a total of 
eight patients (0-77",,) in the overall series 
showed morphologically left isomerism (table 
2) while 13 (1-25°,,) showed morphologically 
right isomerism (table 3). Another seven cases 
0-67".,) were discovered to have multiple 
spleens without any evidence of isomerism of 
the atrial appendages (table 4). There were no 
instances of complete absence of the spleen 
without left or right isomerism of the atrial 
appendages, but four cases had hypoplastic 
spleens (weighing, on average, 1:6 g). The 
spleen in one weighed only 0-6 g. 

Five of the 116 incomplete reports are 
worthy of mention. Two were described as 
having ‘“‘polysplenia”, but a postmortem 
examination of the thoracic organs had not 
been performed to confirm the presence (or 
absence) of isomerism of the appendages. 
Another patient showed isomerism of the left 
atrial appendages and one isomerism of the 
right appendages, but no abdominal inspection 
had been carried out to record the state of 
the spleen. A fifth example of isomerism of the 
right appendages was noted in one of the 
conjoined twins. It is probable, therefore, that 
these cases would have increased the incidence 
of isomerism of the left and right appendages in 
the overall population. 

Two of the 1042 cases had a mirror image 
atrial arrangement. Because the position of the 
lungs, bronchi, and abdominal organs showed 
appropriate mirror imagery these were all 
included in the category of those having normal 
spleens and lungs with attendant congenital 
heart disease. 

There were 11 reports (1:06",,) of accessory 
spleens accompanied by malrotation of the gut. 
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Figure 4 An accessory spleen. 


One of these also had bilaterally bilobed lungs 
and hyparterial bronchi but all showed the 
usual atrial arrangement. Ten had diaphrag- 
matic hernias, chromosomal disorders, or 
biliary atresia. Four cases had congenital heart 
disease, but not in the combinations expected 
for isomerism of the atrial appendages. 
Isolated malrotation of the gut with a normal 
spleen wus noted in 19 necropsies (1-82",,). In 
13 of these there were either diaphragmatic 
hernias or chromosomal disorders. Atrial 
arrangement was usual in all instances, with 
nine patients having some form of congenital 
heart disease. Abnormal lung lobation was 
mentioned twice, but neither patient had an 
isomeric arrangement of the bronchi. 
Abnormalities of lobation of the lungs were 
reported in 80 cases (7'68",,,). Thirteen (1-25",,) 
of these had bilaterally trilobed lungs (one case 
also having bilaterally eparterial bronchi). The 
spleen was normal in nine of these patients and 
the other four had accessory spleens. None had 
either form of isomerism of the atrial appen- 
dages or their cardiac manifestations. Forty 
four (4:22°,,) reports noted bilaterally bilobed 
lungs (four with accompanying bilaterally 








Table 1 Summary of findings from 1042 necropstes 
Categories No of total 
Cases of normal spleen 
Normal lungs and normal heart 562 53-93 
Normal lungs and abnormal heart 193 18-52 
Abnormal lungs and normal heart 34 3-26 
Abnormal lungs and abnormal heart* 37 3-55 
Total 826 79-26 
Cases of accessory spleens: 
Normal lungs and normal heart 116 11-13 
Normal lungs and abnormal heart 50 4-80 
Abnormal lungs and normal heart 8 0:77 
Abnormal lungs and abnormal heart 16 1:54 
Total 190 18-2. 
Cases of multiple spleens: 
Usual atrial arrangement 7 0-67 
Left atrial isomerism 6 0-58 
Total 13 1:25 
Cases of absent spleen 
Right atrial isomerism 12 115 
Left atrial iosomerism 0:10 
Total 13 125 





*One case had right atrial isomerism. 
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hyparterial bronchi). The spleen was normal in 
35 of these patients, eight had accessory 
spleens, and the remaining patient had multiple 
spleens. None of these patients, however, had 
either isomerism of the left atrial appendages or 
the expected cardiac lesions. 


Discussion 

Our review of a large series of paediatric 
necropsies confirms our earlier predictions.’ * 
It is no longer reasonable to attempt to describe 
or diagnose congenital malformations of the 
heart in terms of abnormalities of the spleen. 
The attention given to the ‘‘splenic syn- 
dromes™ has served its purpose in drawing 
attention to the cardiac malformations known 
to accompany them. 

Our findings emphasise the relative con- 
stancy of the cardiac lesions themselves. Thus 
on the one hand there are hearts characterised 
by bilateral atrial appendages of right mor- 
phology. These hearts have bilateral superior 
caval veins, totally anomalous pulmonary 
venous connection, a common atrioventricular 
valve, and a high proportion of double inlet 
atrioventricular connection and an abnormal 
ventriculoarterial connection, usually with pul- 
monary stenosis or atresia.’ On the other hand 
there are hearts with bilateral appendages of 
left morphology. These hearts characteris- 
tically have bilateral superior venae cavae 
(caval veins) and a common atrioventricular 
valve, but they have a relatively normal 
arrangement of their ventricular mass, coarc- 
tation rather than pulmonary atresia, and an 
anomalous connection of the inferior vena cava 
(caval vein), usually with azygos contin- 
uation.’ The most accurate guide to the 
presence of these cardiac lesions is neither 
absence of the spleen nor the presence of 
multiple spleens. It is the existence of iso- 
merism of the atrial appendages.” 

When we describe ‘“‘atrial isomerism”, it 
should not be presumed that each atrium, along 
with its venous connections, is an isomer of the 
other. Far from it. The isomerism affects only 
the appendages, and these structures are truly 
isomeric. In this respect, it is the appendages 
that fulfil the criteria established by Van 
Praagh and his colleagues for determining the 
morphology of any cardiac chamber. The 
principle they established’ is called the mor- 
phologic method. In essence, it states that 
chambers within the heart should be identified 
according to their most constant components. 
It had been suggested that the inferior vena 
cava (caval vein) was the most constant atrial 
component, serving in this way to identify the 
morphologically right atrium.” The analysis of 
the present patients shows that this is not the 
case. 

In our patients with abnormal arrangement 
of the abdominal organs, where it is most 
necessary accurately to determine atrial mor- 
phology, presence or absence of the inferior 
vena cava (caval vein) provides an ineffective 
marker of the morphologically right atrium. In 
contrast, all patients with the constellation of 
cardiac lesions previously known as “splenic 
syndromes” would have been correctly iden- 
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Figure S The top panels 
show a heart with 
isomerism of the right 
atrial appendages: (a 
right sided atrium, (b) left 
sided atrium. Note the 
presence of bilateral venae 
cavae and terminal crests. 
The lower panels show the 
internal arrangement of 
the atria in the presence of 
isomerism of the left atrial 
appendages: (c) right 
sided atrium, (d) left sided 
atrium. Note the presence 
of bilateral superior venae 
cavae and pulmonary 
veins connecting directly to 
the atria. MRAA, 
morphologically right 
atrial appendage; RAA, 
right atrial appendage; 
morph, morphologically; 
MLAA, morphological 
left atrial appendage; 
pulm, pulmonary. 
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tified on the basis of isomerism of their atrial 
appendages. Thus the anatomy of the appen- 
dage and the arrangement of its junction with 
the venous atrial component provide an 
accurate means of distinguishing the mor- 
phologically right and left atria even in the 


presence of the most complex malformations of 


the heart. It is this criterion that best deter- 
mines the arrangement of the atria. Further- 
more, when the atria are abnormally formed in 
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association with congenital cardiac anomalies, 
it is more accurate to describe them in terms of 
atrial isomerism rather than invoking con- 
siderations of malformations of the spleen. 
Determining the arrangement of the atria is 
relatively easy for the pathologist, who holds 
the heart in his hands, and also for the cardiac 


surgeon, who can readily recognise the s uc- 
ture of the appendages as seen in the: E Ak 
room. But what of the clinician, who ts” Oş 
A yY 


wih, “P'S 
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Table 2 Details of eight cases of isomerism of the left atrial appendages 
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Feature 1 2 3 4 5 6 7 8 
Rught/left lung lobaton 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 
Bronchial arrangement BH BH BH BH BH BH BH BH 
Spleen Muluple 5 Mulnple 9 Multiple 15 = Multiple12)- Muluple 4 Muluple 7 Normal Absent 
Laver Sym L Sym Sym L Sym Sym R 
Gallbladder R L Mid Mid Mid Mid Mid NK 
Pancreas Short mid Glob mid Glob Glob mid Short mid Short mid Glob Glob 
Stomach L L L L L R R 
Gut A Mal Mal Mal Mal Mal Mal Mal 
Superior venae cavae Bilateral Bilateral L to Bulateral Bilateral I. to Bilateral Bilateral atreticL to Lesided R to Resided 
CS to R-sided L-sided atrium left atrium atrium 
atrium. atretic R 
Inferior vena cava Bilateral SVCs RighttoR- Azycontto Azycontto Azycontto Azycontto Azycontto Azy cont to 
&azy veins «sidedatrrm = RSVC LSVC LSVC RSVC VC RSVC 
Hepat veins ConfitoR- Bilateral 2veinstoR- Bilateral Bilateral Conf to L- Conflito R-  Confi to R- 
sided atrium sided amum sided atrium sided atrum sided atrum 
Pulmonary veins ToL-sided To R-sided Bilateral Bilateral ToL-sided ToL-sided ToR-sided To L-aded 
atrium atrium atrium amum atrium atrium 
Position of heart L L L L L L R E 
Apex of heart L L L L L L R L 
Artenal relations Normal Normal Normal Normal Normal Normal Mirror image Normal 
Atrial defects Common Common Common Common Common Common Common on 
atrium atrum atrum atnum atrium amum atrium atrium 
Atnoventricular septal defect Yes Yes Yes Yes Yes Yes Yes Yes 
Atrioventricular valves Common valve Common valve Common valve 2 valves Common valve Common valve Common valve Common valve 
Ventricular septal defect Yes Yes Yes No Yes Yes Yes Yes 
Atrioventricular connection Ambig Ambig Ambig Ambig Ambig Ambig Ambig Ambag 
Ventricular topolo RH RH RH LH RH RH LH RH 
Ventncular art connection Concordant Concordant DORV DORV Concordant Concordant Concordant Concordant 
Pulmonary outflow tract Patent Patent Musc subpulm Patent Valvar pulmon Parent Musc stenosis Patent 
stenosis stenosis , 
Aoruc outflow tract Subsorne Stenons Patent Subsortic Patent Stenosis Patent Patent 
stenoms obstruct by 
tissue . 
Coarctation Na Shelf Nu Tsthmal hypo Nil Isthmal hypo Nil Isthmal hypo 
Arterial duct Ligament Patent Ligament Patent Ligament Patent Patent Ligament 
Aorne arch L L L L L R L 
Left ventricle Normal Hypo Normal Normal Normal Normal Normal Normal 
Other malformations Nil Nil R juxta atrial Nil Nil Nil RV hypo Nil 
append 


Ambig, ambiguous; append, appendages, azy cont, azy. 


right ventricle; Glob, 


obular; H 
Musc, muscular, NK, not known; 


truct, obstruction, Pulmon, pulmonary; R, right; 


cava, Subpulm, subpulmonary, Sym, symmetrical. 


Table 3 Details of thirteen cases of isomerism of the right atrial appendages 


gos conunuation, BH, bilaterally hyparterial; Confl, confluent; CS, coronary smus, DORY, double outlet 
, hypoplasia; L, left; LH, left-hand; Ligament, ligamentous; LSVC, left superior vena cava; Mal, malromnon, Mid, midime, 
Bb RH, right-hand, R juxta, nght puxtaposition of, RSVC, right superior vena 











Feature 1 2 3 4 5 6 7 8 
Right/left lung lobaton 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3.52) 
Bronchial arrangement BE BE BE BE BE BE BE BE 
Spleen Absent Absent Absent Normal Absent Absent Absent Absent 
Liver Sym Sym L S S R Sym Sym 
Gallbladder R Mid Mid NK NK R L R 
Pancreas Short mid Short mid Glob mid L NK R R Elong 
Stomach Mid R L NK R R NK 
Gut Mal Mal Mal Normal Mal Mal Mal 
Superior venae cavae Bilateral atretic L to L-sided Bilateral Bilateral, to Bilateral Bilateral Bilateral atretic Bilateral 

right atrium L-sided A; left 

atreuc R 

Infenor vena cava ToL-mded ToR-sided To L-sided ToL-sided ToL-sided ToR-mded ToR-sided To L-sided 

atrium atrium atrium atrium atrium atrium atrium atrium 
Hepatic veins Bilateral To IVC Bilateral To IVC ToIVC To IVC To IVC To IVC 
Pulmonary veins TAPVC TAPVC to TAPVC to TAPVC to TAPVC to TAPVC Rto TAPVCto R- TAPVC to R- 

Infradia portal vein RSVC RSVC portal vein portal, L tw sided A sided A 

y 
Position of heart R R L L L L R R 
Apex of heart R L L L R R 
Artenal relanons Aorta ant Aorta to R oe ant& Aorta ant Aorta ant gone to R side Aorta ant Aorta ant 
t by nde 

Atrial defects Oval fossa Septal strand Prmum Oval fossa Oval fossa & Common Oval fossa Septal strand 

defect (AVSD) defect primum atrium defect 

(AVSD) 
Atrioventriculer septal defect Yes Ni Yer Nil Yes Niu Nil Nu 
Atrioventricular valves Common valve Common valve Common valve Common valve Common valve Common valve Common valve Common valve 
Ventricular septal defect Yes (AVSD) Yes Nil Nil Yes Nil es Nil 
Atnoventricular connection Ambiguous DIRV Ambiguous DIRV Ambiguous DILV DILV DIV 
Ventricular topology LH RH RH RH RH LH LH NA 
Ventricular arterial connection Discordant DORV DORV Single outlet Single outlet Concordant Single outlet Single outlet 
Aofrom RV Ao from RV Acfrom RV Ao from IV 
Pulmonary outflow tract PA Subpulm Subpulm PA PA PA PA PA 
stenosis stenosis 
Aoruc outflow tract Patent Patent Patent Patent Patent Patent Patent Patent 
Coarctation Nal Nil Nu Nil Nil Nil Nil Nil 
Ductus arteriosus pace to confl Patent Ligament R-sided patent R-sided patent R-sided patent R-sided patent Ligament 
Aortic arch R R L L L R R 
Left ventricle Hypo Slit-like Hypo Sht-like Normal Dominant Normal 
Other malformations Nil Nil Imperf LAVV Nil Nu RV grossly Rudimentary Solitary IV 
hypo RV 


Ant, anterior; Ao, aorta; AVSD, atrial or ventricular component of atrioventricular septal defect, BE, bilaterally hyparterial, DIV, double mlet indeterminate 
ventricle; DILV, double miet left ventricle, DIRV, double inlet mght ventricle, Elong, elongated; IVC, inferior vena cava; Imperf LAVY, imperforate left 
atrioventricular valve; Infradia, infradiaphragmauc; IV, solitary and indetermmate ventnicle, L-sided A, left-sided atrnum, NA, not applicable; PA, pulmonary 
atresia, PAs, pulmonary arteries, R-sided A, right-sided atrium; RV, nght ventricle; TAPVC, totally anomalous pulmonary venous connection 
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Table 4 Derails of seven cases of multiple spleens and usual atrial arrangement 








Arygos 

Case Right lung Lefi lung Bronchial No of Abnormal continuation of Other 

No lobaton lobatton arrangement spleens abdormnal organs Heart defects inferior vena cava malformations 

1 3 2 Usual 6 Globular pancreas, absent Nil No Biliary atresia 
gallbladder 

2 3 2 Usual 7 Globular midline pancreas, ASD, Ao-pulmonary No Bilary atresia 
malrotated gut window 

3 3 2 Usual 6 Malrotared gut Nil No Pneumococcal 

septicaemia 

4 3 + Acc 2+ Acc Usual 4 Malformed stomech and POF, ductus arteriosus, Yea Diaphragmatic hernia 
pancreas LSVC to CS 

5 2 2 Usual 17 Absent gallbladder, short Nil No Biliary atresia 
pancreas, malrotated gut ; 

6 2 2 Bilat hypart 5 Globular midline pancreas, Nil Yea Biliary atresia 
partially mairotated gut 

7 2 l Usual 9 Malformed pancreas, POF No Arnold-Chiari 
malrotated gut malformation 


i esses a i i aS 
Acc, accessory Jobe; ASD, atrial septal defect, Ao-pulmonary, Aorto-pulmonary, Bilat hypart, bilaterally hyparterial; LSVC to CS, left superior vena cava to 
coronary sinus, POF, patent oval foramen 


unable accurately to distinguish the mor- arrangement. Five patients, however, were 
phology of the appendages and the nature of reported to have isomeric bronchi with usual 
their junctions with the venous components. It atrial arrangement in the absence of any severe 
is recognised that inferences must be made in cardiac lesions. One of these cases was recently 
these circumstances to permit the paediatric highlighted by Devine et al,” but our present 
cardiologist to assess atrial arrangement, al- analysis shows them to be more frequent than 
though it has been suggested that cross sec- we thought. Despite these “false positives”, 
tional echocardiography may, in skilled hands, bronchial anatomy remains by far the best 
permit direct recognition of the appendages. inferential guide to the existence of the cardiac 
Similarly, if injections of contrast material are syndromes previously linked with (and named 
made into the atrial appendages, cineangio- according to) splenic malformations. We found 
graphy permits direct diagnosis of atrial as many patients with multiple spleens with 
isomerism. None the less, ifinferencesaretobe normal hearts as with isomerism of the left 
made, our analysis shows that bronchial mor- atrial appendages (previously described as 
phology" is the best guide to the existence of “‘polysplenia’’). Those with multiple spleens 
isomerism of the atrial appendages. Allbutone and usual atrial arrangement were usually 
case with atrial isomerism also had bronchial examples of a syndrome known to exist with 
isomerism, The exception was a case of right biliary atresia.” Their presence in such num- 
atrial isomerism with usual bronchial bers in our series may reflect Pittsburgh’s role 
as a major centre for liver transplantation. 
That, however, does not diminish the finding 





? a H i 13 that multiple spleens can no longer be regarded 
33 2 3 2? a 3 2 as an accurate pointer to the presence of a 
rror image BE ; j z 
Abit Peen Abet Absent Aloe specific syndrome of congenital heart disease. 
Sym Sym L Sym Sym Although no patients without cardiac lesions 
L = T NE r had no spleen, four had such gross hypoplasia 
L s R R NK L of splenic tissue that it was questionable 
ormal Mal 
Bilateral Right to R-sided Bulateral Bilateral LefttoL-nded Whether the organ would have been demon- 
atrium atnum strable by clinical diagnostic techniques. 
To L-mded Lto L-sded To L-sided To R-sided To L-sided Furthermore, one patient with isomeric right 
atrium l amum, amum atrium atrium appendages had a normal spleen while another 
era o that To IVC To IVC : ; ‘ . 
TAPVC to portal TAPVC to portal TAPVC to TAPVCto TAPVC to R- patient with isomeric left appendages had no 
vein vein Resided A R-sided A sided A spleen. 
S R R R a The lesions previously correlated with 
R R R R R splenic malformations are best diagnosed in 
Aorta ant & left Aortaant&left Aortaant & left Aortaant &left Aorta ant terms of isomerism of the atrial appendages.® If 


Primum (DIRV) Septal strand Primum (DILV) Septal strand Commonatrum diagnosis has to be made by inference, this will 
be achieved most accurately by referring to the 


Nil Yes Nil Nil Nil pattern of bronchial, morphology.“ Splenic 
aaa valve c aom mon valve Conimon valve gomma n valye Common valve malformations are insufficiently well 
DIRV Ambiguous DILV DILV DILV correlated with anomalies of the heart to justify 
LH LH LH LH LH i ; ‘ H ; 
DORV DORV Discordant Single outlet Ao SingleoutlerAo Their use either as an inferential guide or as a 
from RV from RV platform for nomenclature. 

Subpulm stenosis Subpulm stenosis Severe subpulm PA PA 

stenosis 
Patent Patent Patent Patent Patent 
Nil Nu Nil Nu Nu 
R-sided patent R-sided patent Patent Patent R-sided patent 
R R R L R We thank Dr E Yunis, Director of Pediatric Pathology, who 
Slt-like Normal Normal Normal Normal placed all the facilities of his depara at our disposal, and 
Nil Ni RV hypo RV hypo RV hypo the many pathologists who ormed the inital necropstes, 


notably, Dr R Jaffe, Dr J Hubbard, Dr Y Hashida, and Dr S 
Taylor. During the course of their investigation, CA and RHA 
were on study leave from the National Heart and Lung Insntute, 
University of London, and were supported by the Patrick Dick 
Memorial Fund, the Bnush Heart Foundation, and the Joseph 
Levy Foundation 
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Pseudoaneurysm of the right ventricular outflow 
tract: diagnosis by colour flow mapping 


N Sreeram, G R Sutherland, J McGhie 


Abstract 

Eleven years after surgical repair of pul- 
monary atresia with a ventricular septal 
defect with a valved conduit, a 20 year 
old patient was diagnosed on follow up 
echocardiography to have a right ven- 
tricular pseudoaneurysm related to the 
conduit. The echocardiographic findings 
were confirmed at reoperation and the 
pseudoaneurysm was excised. 


A pseudoaneurysm of the right ventricle or 
right ventricular outflow tract is rare. Most 
reported cases presented either immediately 
after or within a few months of a right ven- 
triculotomy.'? The diagnosis in every repor- 
ted case was confirmed by angiography or at 
necropsy. Pseudoaneurysms of the left ventri- 
cle are best defined by colour flow mapping.’ 
We describe what we believe to be the first 
case of a right ventricular pseudoaneurysm in 
which the initial diagnosis was made by colour 
flow mapping. 


Case report 

At the age of nine this 20 year old woman had 
had complete repair of pulmonary atresia with 
ventricular septal defect. At operation the 
ventricular septal defect was closed and a 
valved conduit containing a 20 mm Hancock 
valve was inserted between the right ventricle 
and the main pulmonary artery. Routine’ car- 
diac catheterisation four years after operation 
showed a severely stenotic Hancock valve 
within a calcified conduit (right ventricle to 
pulmonary artery peak systolic gradient 
100 mm Hg). Because the patient was symp- 
tom free at that time no further operation was 
contemplated. She remained symptom free 
over the next seven years until mild tiredness 
and intermittent sharp retrosternal pain 
unrelated to exercise developed. 

Clinical examination showed no new signs. 
A prominent right ventricular impulse was 
palpable. An ejection systolic and early dias- 
tolic murmur (present seven years before) was 
heard in the pulmonary area. The chest x ray 
showed mild cardiomegaly. However, a strik- 
ing new radiological abnormality was widen- 
ing of the cardiac silhouette by a globular 
shadow in the region of the main pulmonary 
artery (fig 1). The electrocardiogram showed 
first degree atrioventricular block, a right 


bundle branch block pattern, and occasional 
atrial and ventricular extrasystoles. Cross sec- 
tional echocardiography showed severe right 
ventricular hypertrophy with abnormal 
motion of the interventricular septum. A large 
echo-free space was noted behind the thoracic 
wall; this was in front of and to the left of the 
right ventricular outflow tract. Imaging alone 
did not initially show a communication bet- 
ween this space and the right ventricle. Con- 
tinuous wave Doppler examination: confirmed 
a severely stenotic Hancock valve with peak 
systolic velocity in the conduit of 5 m/s. No 
flow was recorded within the echo-free space 
by pulsed Doppler. Colour flow mapping con- 
firmed low velocity flow within this space. 
Detailed examination showed that this space 
communicated with the right ventricle 
through a narrow ostium sited beneath the 
Hancock valve (as shown by the colour flow 
map), confirming the diagnosis of pseudoan- 
eurysm. Colour flow mapping also showed 
multiphasic turbulent flow across the ostium 
throughout the cardiac cycle (fig 2). Contin- 
uous and pulsed wave Doppler did not 
provide additional ` information: despite 
visualisation of the ostium, the peak velocities 
of flow could not be recorded because of the 
large angle between the ultrasound beam and 
the direction of flow as seen on the colour flow 
map. Bacterial endocarditis was excluded as a 
cause of the development of the pseudoan- 
eurysm by repeated blood cultures, which 
were sterile. 

Despite the unequivocal diagnosis by colour 
flow mapping, cardiac catheterisation was 
performed because the lesion is so rare. The 
right ventricular angiogram showed faint 
opacification of the pseudoaneurysm with 
contrast, presumably because it was large and 
the volume flowing to and fro during each 
cardiac cycle was low; no entry or exit point 
could be defined. The echocardiographic fin- 
dings were confirmed at operation; the 
pseudoaneurysm was excised and the Hancock | 
conduit replaced. 


Discussion 

A pseudoaneurysm results from a rupture of 
the ventricular wall with containment of the 
resultant haematoma by pericardium or 
extracardiac structures. Left ventricular 
pseudoaneurysms are known to occur after 
events such as myocardial infarction, ven- 
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Figure 1! Chest x ray (a) showing the appearance four years before. The prosthetic valve ring was in the pulmonary 


position and there was mild cardiomega 
arrows) in th 








e main pulmonary artery 


triculotomy, chest trauma, infective endocar- 
ditis, or inflammatory processes affecting the 
heart.* Right ventricular pseudoaneurysms 
are less well described, and most of the few 
reported cases occurred within a few days or 
months of cardiac surgery, and were probably 
caused by surgical sequelae or endocarditis. 
Our patient had none of the above risk factors. 
In particular there was no evidence from the 
history or from subsequent investigations for 
bacterial endocarditis. 

Left ventricular pseudoaneurysms are 
known to rupture even in the chronic stage. 
When right ventricular pressures are high, the 
risk of a rupture of right ventricular 
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pseudoaneurysm may be similar. This, and 
the possibility of a successful outcome after 
surgical resection, means that prompt recog- 
nition of this lesion is important.’ Angio- 
cardiography is not without risk and is 
sometimes less than optimal.” In our patient 
the right ventricular angiogram failed 
adequately to opacify the pseudoaneurysm or 
show its ostium. The cross sectional features 
of pseudoaneurysm at echocardiography are 
well described; they include the demonstra- 
tion of a saccular or globular aneurysmal 
chamber, a discontinuity of the endocardial 
image at the site of communication with the 
pseudoaneurysm, and a narrow orifice 
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Figure 2 Cross sectional echocardiogram in the high parasternal view. Doppler colour flow map showing multiphasic 


flow into and out of the right ventricular pseudoaneurysm in different phases of the cardiac cycle (arrow). The 
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pseudoaneurysm is represented by the large echo-free space at the top of the sector. The left hand panel sh 
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flow from the pseudoaneurysm (arrow) in systole. The position of the prosthetic valve is indicated by the smaller double 


arrows. RVOT, right ventricular outflow tract 


Pseudoaneurysm of the right ventricular outflow tract: diagnosis by colour flow mapping 


diameter compared with the diameter of the 
aneurysm.’ The diagnosis, however, hinges on 
the ability to show the ostium of the 
pseudoaneurysm. Pulsed and continuous wave 
Doppler may then be used to show turbulent 
high velocity flow through the restrictive 
ostium. Neither of these techniques proved 
helpful in our patient. A definite diagnosis 


was made only after colour flow mapping’ 


showed flow within the anterior echo-free 
space and identified the narrow communica- 
tion between the right ventricular outflow 
tract and this space. The characteristic multi- 
phasic pattern of turbulent flow described for 
left ventricular pseudoaneurysm was also 
noted in this case.’ We believe that colour 
flow mapping may be the safest and most 
accurate investigative technique for diagnos- 
ing this rare lesion. 
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Blood filled cyst of the papillary muscle of the 
mitral valve producing severe left ventricular 


outflow tract obstruction 


Ian R Arnold, Peter J B Hubner, Richard K Firmin 


Abstract 

A 46 year old man was found to have left 
ventricular outflow obstruction caused 
by a blood-filled cyst attached to the 
anterior papillary muscle of the mitral 
valve. It was successfully excised. 


Small blood filled cysts of cardiac valves are 
commonly found in infants at necropsy, but are 
rare after the first year of life. They are believed 
to be cystic dilatations at the end of canals lined 
with endothelium in the substance of the 
valves.'* We report a cyst of the mitral valve 
presenting as left ventricular outflow obstruc- 
tion in an adult; it was successfully resected. 


Case report 

A 46 year old farmer gave a 5 year history of 
chest tightness and mild faintness on heavy 
exertion such as playing hockey or lifting bales 
of hay. There was no history of syncope. He 
had not had rheumatic fever. 

On examination he was of lean build, apyrex- 
ial, and there was no finger clubbing. The pulse 
was regular but jerky. Blood pressure was 100/ 
60 mm Hg. There was a systolic thrill palpable 
over the left sternal edge. There was a loud, 
harsh ejection systolic murmur heard through- 
out the precordium but greatest at the left 
sternal edge. It did not radiate to the carotid 
arteries. 

The electrocardiogram showed sinus 
rhythm, an axis of + 45°, left ventricular hyper- 
trophy (S wave in V2 and R wave in V5 = 6mV 
with no T wave changes), and no left atrial 
hypertrophy. The chest x ray showed a cardio- 
thoracic ratio of 50%, but this had increased 
from 44°, five years earlier. There was no 
prominence of the ascending aorta or left 
atrium. The haemoglobin concentration was 
152 g/l, the erythrocyte sedimentation rate was 
2mm/h, and serum protein electrophoresis was 
normal. 

Echocardiography showed an aortic valve 
that was not thickened or disorganised but 
showed prominent early systolic closure (fig 
la). There was a non-rheumatic mitral valve 
with systolic anterior motion of the anterior 
leaflet (fig 1b). There was mild concentric left 
ventricular hypertrophy. Cross sectional 
echocardiography showed a spherical mass (2-4 
cm in diameter) with an echolucent centre 
within the left ventricular cavity (fig 2). It 
seemed to be attached to the anterior leaflet of 
the mitral valve. In systole it prolapsed into the 
left ventricular outflow tract. The cyst wall 





could be seen on the M mode echocardiogram 
as a fine echo abutting the septum (fig 1b). 
Doppler studies showed a turbulent high 
velocity systolic jet within the left ventricular 
outflow tract and no mitral regurgitation was 
detected. 

At cardiac catheterisation the pulmonary 
capillary wedge pressure was 24/8 mm Hg, 
mean 16. The pulmonary artery pressure was 
44/24 mm Hg, mean 24. There was no mitral 
valve gradient. There was a gradient of 
140 mm Hg across the left ventricular outflow 
tract, falling to 110 mm Hg after 0:3 mg of 
phenylephrine was given into the pulmonary 
artery. The withdrawal gradient across the 
left ventricular outflow tract was 140 mm Hg 
(left ventricle body 240/20, left ventricle out- 
flow tract 100/20, and aorta 100/65). Left 


ventricular cineangiography showed a mobile 
spnerical mass within the left ventricle moving 
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Figure 1 M mode echocardiograms showing parasternal 
views through (a) aortic root and (b) mitral valve. 
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Figure 2. Cross sectional 
echocardiogram showing 
apical view. S, septum; 
LV, left ventricle; CY, 


cyst. 





into the left ventricular outflow tract in systole. 
It seemed to be attached to the anterior leaflet 
of the mitral valve. 

At operation, through an aortotomy, a 
smooth oval bluish mass (3-2 by 2:5 cm across), 
was found attached by a stalk to the tip of the 
anterior papillary muscle of the mitral valve. It 
was initially thought to be a tumour and to 
ensure complete clearance, the papillary 
muscle and anterior leaflet of the valve were 
excised through a standard left atrial approach 
and a 29 mm St Jude prosthesis was inserted. 

The patient made an uneventful post- 
operative recovery and at follow up five months 
later was symptom free and working full time. 

Histological examination showed a blood 
filled cyst, the wall of which was lined by an 
attenuated endothelium but with no evidence 
of epithelium. The wall itself was composed of 
fibrous tissue with no smooth muscle or 
organised elements within it. 


Discussion 

Leatherman et al reported the anatomical and 
pathological features of a blood cyst attached to 
the anterior leaflet of the mitral valve in a 39 
year old woman that was successfully excised 
without requiring mitral valve replacement.’ 
No outflow tract gradient was shown in their 
case. 

Hauser et al reported a blood filled cyst 
attached to the tip of the anterolateral papillary 
muscle of the mitral valve in a 27 year old man 
that was successfully excised with the mitral 
valve.’ The diagnosis was made on cross 
sectional echocardiography, and catheterisa- 
tion was not performed. Liese er a/, Cumming 
and Ferguson, and Jimenez-Martinez et al 
reported blood filled cysts attached to the 


pulmonary valve diagnosed at angiography and 
successfully excised at operation.*” 

Our patient presented with symptoms and 
signs suggestive of either severe mitral 
regurgitation or left ventricular outflow tract 
obstruction. Early closure of the aortic valve 
and systolic anterior movement of the mitral 
valve on M mode echocardiography suggested 
hypertrophic obstructive cardiomyopathy but 
the left ventricular hypertrophy was only mild 
and symmetrical. (Cross sectional echo- 
cardiography showed that a most unusual 
spherical mass with echolucent centre attached 
to the mitral valve was the cause of the left 
ventricular outflow obstruction. The obstruc- 
tion was confirmed by the demonstration of a 
140 mm Hg gradient across the left ventricular 
outflow tract at catheterisation. The systolic 
anterior motion of the mitral valve may have 
been caused by a direct mechanical effect of the 
cyst pulling at its attachment rather than by the 
Venturi effect that is suggested to explain such 
motion in hypertrophic obstructive cardio- 
myopathy. 

At operation the papillary muscle was 
excised to ensure adequate clearance of what 
was initially thought to be a vascular tumour. 
We suggest that the diagnosis of a blood-filled 
cyst should be considered if echocardiography 
shows a spherical mass with an echolucent 
centre; it may prove possible to remove it 
without the need to replace the mitral valve. 

To our knowledge this is the first report of a 
simple blood cyst causing confirmed left 
ventricular outflow obstruction, and the 
second description of the echocardiographic 
features of such a cyst. 


We thank Dr A Fletcher for his assistance with 
the histopathology. 
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Gonococcal arthritis complicated by acute 
pericarditis and pericardial effusion 


J Wilson, A G Zaman, A V Simmons 


Abstract 

A woman of 23 presented with a painful, 
swollen left knee. A thick yellow fluid 
aspirated from the joint cavity grew 
Neisseria gonorrhoeae. Central pleuritic 
chest pain and ST segment elevation 
developed 48 hours after presentation. 
These signs and symptoms of peri- 
carditis had settled two months after the 
acute illness. 


We report a case of gonococcal arthritis 
associated with pericarditis. While on holiday 
in Southern France, a 23 year old white 
woman presented to a general hospital with a 
painful, swollen left knee. Before this, she had 
complained of a 3 day febrile illness associated 
with flitting arthralgia affecting the left knee, 
left elbow, and both shoulders, Clinical 
examination suggested a septic arthritis of the 
left knee, and the joint was explored. Thick 
yellow fluid with a high neutrophil count was 
aspirated from the joint cavity; a direct smear 
showed Gram negative intracellular 
Giplococci, and subsequent culture grew Neiss- 
eria gonorrhoeae.- She was treated with 


intravenous ampicillin and bed rest. 








i 


(d) two monthsafter. presentation. 


Forty eight hours later, she complained of 
central pleuritic chest pain and was found to 
have a pericardial rub. An electrocardiogram 
showed generalised ST segment elevation 
consistent with the diagnosis of acute pericar- 
ditis (figure a), and a chest x ray showed mild 
cardiomegaly only. A subsequent cross sec- 
tional echocardiogram showed a mild to 
moderate pericardial effusion but no other 
cardiac abnormality. Her symptoms were 
treated with aspirin and subsided within 48 
hours. 

Gynaecological examination was negative 
and no evidence of genital tract gonorrhoea 
was detected. The patient’s boyfriend was also 
found to be negative and the patient did not 
report other sexual contact. The following 
investigations were found to be either negative 
or normal; vaginal, rectal, pharyngeal, and 
urine microbiology; blood culture; Venereal 
Disease Research Laboratory test; Treponema 
pallidum haemagluttination assay, hepatitis A 
and B; rheumatoid and antinuclear factors; 
antistreptolysin O and Chlamydia trachomatis 
titres. 

The patient recovered over a period of four 
weeks, but required two weeks’ stay in hosp- 
ital. The electrocardiogram remained abnor- 











a 3 -Blectrocardiographc tracing showing changes of pericarditis (a) on presentation and (b) one week, (c) stx: weeksyand 
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mal both 1 week (figure b) and 6 weeks (figure 
c) after discharge from hospital. A repeat 
echocardiogram performed 2 months after the 
illness was normal, and by that time the 
electrocardiogram had also reverted to normal 
(figure d). All joint symptoms disappeared 
completely. 


Discussion 
Pericarditis in association with gonococcal 
arthritis has been infrequently described.” In 
some of these cases the diagnosis of pericar- 
ditis was based on an abnormal electrocar- 
diogram rather than clinical presentation,'?° 
and this contrasts with our patient who had 
classic symptoms and signs of the disease. The 
electrocardiographic abnormalities of pericar- 
ditis have been found in disseminated gono- 
coccal infection,’ but are only rarely 
associated with the clinical manifestations, 
whereas some have found no electrocardiogra-~ 
phic abnormalities at all. Others suspected 
gonococcal pericarditis but were unable to 
obtain a positive bacteriological culture.*”? 
The presence of pericardial effusion has 
also been infrequently noted, and in Boyle et 
aľs review of 414 cases of purulent peri- 
carditis only two were associated with gonor- 
rhoea.’ The pericardial effusion in our patient 
was only mild to moderate and was not 
associated with a haemodynamic disturbance, 
so there was no clinical indication for pericar- 
diocentesis. The nature of the pericardial fluid 
remains unknown but it did clear after 
successful treatment of the arthritis, and the 
follow up echocardiogram was completely 
normal and showed no evidence of pericardial 
thickening. Although purulent’ and fibrinous? 
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pericarditis have been described, the pos- 
sibility of an allergic serositis" is not unlikely 
in our case. We found no published reports of 
the isolation of the organism from the pericar- 
dium, except in the presence of gonococcal 
endocarditis. Pericardiocentesis can therefore 
be recommended only for haemodynamic 
deterioration as a result of tamponade. 

The diagnosis in this case was made simple 
by the positive culrures in the joint cavity, but 
the differential diagnosis of fever, poly- 
arthralgia, and pericarditis includes diseases 
such as rheumatoid arthritis, systemic lupus 
erythematosus, Reiter’s syndrome, hepatitis B 
infection, neoplasm, and other bacterial or 
viral infections. Primary gonococcal infection 
is often asymptomatic, particularly in female 
patients and the diagnosis and appropriate 
investigation should be considered in patients 
presenting with such symptoms. 
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Low pressure cardiac tamponade: diagnosis 
facilitated by Doppler echocardiography 


Sharonne N Hayes, William K Freeman, Bernard J Gersh 


Abstract 

A case of low pressure cardiac tampon- 
ade is reported in which hypovolaemia 
altered the clinical findings of tampon- 
ade and complicated the diagnosis. Ven- 
ous pressure was not raised and there 
was no pulsus paradoxus. In this patient, 
a man of 67, characteristic variations in 
diastolic inflow signals and the 
isovolumic relaxation period throughout 
the respiratory cycle were shown by 
Doppler echocardiography and led to the 
diagnosis of cardiac tamponade in the 
absence of characteristic signs and sym- 
ptoms. 


Cardiac tamponade is defined as cardiac com- 
pression caused by an accumulation of 
pericardial fluid that evokes and ultimately 
defeats compensatory mechanisms, resulting 
in haemodynamic compromise. Although the 
signs and symptoms of cardiac tamponade are 
relatively non-specific, the combination of 
dyspnoea, tachycardia, and hypotension with 
an almost universally raised central venous 
pressure and pulsus paradoxus usually leads 
the clinician strongly to suspect the diagnosis. 
We describe a patient in whom the signs and 
symptoms of tamponade were masked by 
hypovalaemia. 


Case report 

A 67 year old white man was admitted to the 
hospital after an episode of syncope with 
persistent hypotension. Thirteen days before 
admission, urgent coronary artery bypass sur- 
gery was performed for unstable angina. At 
that time, angiography showed moderate left 
ventricular dysfunction with an ejection frac- 
tion of 32%, and severe occlusive disease of 
the right and left anterior descending coron- 
ary arteries. Saphenous vein grafting of the 
right coronary artery and left internal mam- 
mary grafting to the left anterior descending 
was uncomplicated. The patient was dischar- 
ged five days before the current admission 
after an uneventful recovery. Discharge 
medications included aspirin 80mg and a 
diuretic formulation of hydrochlorothiazide 
25 mg and triamterene 50 mg, once daily. 

The patient did not have any chest discom- 
fort after operation. On the morning of admis- 
sion, he experienced progressive dyspnoea 
and nausea, followed by an episode of syn- 
cope. 

Evaluation in the local emergency room 
showed the patient to be tachycardic with a 


systolic blood pressure of 70mm Hg. 
Intravenous dopamine (6 ug/kg/min infusion) 
and infusion of physiological saline transiently 
increased the systolic blood pressure to 
90 mm Hg. 

Upon transfer to our hospital, the patient 
was alert and complained of dyspnoea. Blood 
pressure was 80/60 mm Hg without pulsus 
paradoxus. The heart rate was regular at 110 
beats/minute and the respiratory rate was 18 
minute. The mucous membranes were dry, 
there was generalised pallor, and poor skin 
turgor. The lungs were clear and the ster- 
notomy well healed. There was no jugular 
venous distension or Kussmaul’s sign. The 
cardiac examination showed a grade 2/6 apical 
systolic murmur that radiated to the axilla 
suggestive of mild mitral regurgitation and a 
2/6 systolic ejection murmur at the left lower 
sternal border. There was no rub, gallop, or 
extra sound. 

The electrocardiogram showed sinus 
tachycardia, an old inferior Q wave infarction, 
and T wave inversion in leads V2-V6; all 
unchanged from the earlier postoperative 
tracings. The chest x ray showed moderate 
cardiomegaly and clear lung fields. The 
haemoglobin concentration and serum con- 
centrations of creatine kinase and lactate 
dehydrogenase were within normal limits. 

Intravenous infusion of one litre of 
physiological saline had no effect on the pulse 
or blood pressure; attempts to taper the 





Four chamber cross sectional 


Figure 1 
echocardiographic image of a moderate localised 
inferolateral apical pericardial effusion (PE). No 
diastolic compression of the free walls of the right 
ventricle (RV) or right atrium (RA) was evident. LV, 
left ventricle, LA, left atrium. 
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Figure 2. Pulsed wave Doppler findings before pericardiocentesis. Respirometry tracing indicates the onset of 
inspiration (insp) and expiration (exp). Early mitral inflow velocity fell with inspiration and increased considerably 
during the first beat after expiration. There was significant increase in isovolumic relaxation time (between pairs of 
arrows) with inspiration, with shortening occurring during the first beat after expiration. There was no diastolic 


hepatic venous filling (arrows) during the first beat after expiration. 


dopamine infusion led to progressive 
hypotension. 

Cross sectional echocardiography showed 
mild left ventricular enlargement with 
moderately decreased function and an 
estimated ejection fraction of 30-35%, (similar 
to the preoperative study). The inferior sep- 
tum was akinetic, with severe hypokinesis of 
the inferolateral segments from base to apex 
and moderate hypokinesis of the anteroseptal 
and anterior segments. There was a moderate 
localised inferolateral apical pericardial 


effusion with strands evident (fig 1). There 
was no diastolic compression of the right 
ventricular or atrial free walls. 

Pulsed wave Doppler examination with res- 
pirometry showed a decrease of nearly 50% in 
mitral E wave velocity during early inspira- 
tion with accompanying prolongation of the 
isovolumic relaxation time. The velocity of 
the mitral E wave increased sharply with the 
first beat after expiration and the isovolumic 
relaxation time shortened. There was no 
hepatic venous diastolic filling during the first 
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beat after expiration. These findings were 
consistent with cardiac tamponade (fig 2). 

In view of the findings on physical examin- 
ation that were discrepant with the echocar- 
diographic diagnosis of tamponade, namely 
the absence of raised venous pressure or pul- 
sus paradoxus, a balloon tipped catheter was 
placed in the pulmonary artery before pericar- 
diocentesis. The zero reference point of the 
pressure transducer was the mid-chest, at the 
level of what we estimated to be the mid right 
atrium. As indicated in the table, diastolic 
pressure equilibration (10-11 mmHg) was 
present. The slight increase in right atrial 
pressure contrasted with the clinical picture 
suggestive of systemic hypovolaemia. Infusion 
of a second litre of physiological saline did not 
result in an appreciable change in systemic or 
intracardiac pressures. 

Pericardiocentesis, guided by cross sec- 
tional echocardiography, was then performed 
via a modified apical approach. The opening 
manometric intrapericardial pressure was 
raised (12 cm fluid) to the same extent as right 
atrial pressure. A 7 French pigtail catheter 
was passed into the pericardial space and 
450 ml of dark serosanguinous fluid was 
evacuated. During fluid removal, the patient 
immediately noted a considerable 
improvement in his dyspnoea, the systemic 
blood pressure increased, and dopamine 
infusion could be stopped. Repeat haemodyn- 
amic measurements at the end of pericar- 
diocentesis showed that the equilibration of 
diastolic pressure had disappeared and were 
consistent with appreciable hypovolaemia 
(right atrial pressure of 0 mm Hg); the stroke- 
volume index nearly doubled (table). 

Percutaneous pericardial drainage was con- 
tinued for another 48 hours and an additional 
450 ml of fluid was removed without further 
accumulation. Analysis of the pericardial fluid 
showed a non-specific cell count; micro- 
biology and cytology were negative. 

A tiny residual pericardial effusion was 
detected on follow up cross sectional echocar- 
diography. Pulsed wave Doppler showed no 
significant variation in mitral E wave inflow 
velocities or isovolumic relaxation time 
throughout the respiratory cycle, and 
expiratory diastolic hepatic venous filling had 
returned (fig 3). 

The patient was discharged in excellent 
condition ‘four days after admission. The 
patient’s cardiopulmonary state was stable at 
four months follow up. Cross sectional 
echocardiography at that time showed no 
recurrent pericardial effusion; the results of 
pulsed wave Doppler with respirometry were 
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unchanged from the study immediately after 
pericardiocentesis. 


Discussion 

Low pressure cardiac tamponade is caused by a 
compressive pericardial effusion when the 
intravascular blood volume is considerably 
depleted.: The central venous pressure is nor- 
mal or often low, and hence the jugular venous 
distension, seen in classic tamponade, is 
absent.'? Pulsus paradoxus, although depen- 
dent on pulse pressure, is another clinical sign 
of tamponade that is often absent when there is 
concomitant hypovolaemia.'? 

The differential diagnosis of this patient’s 
low cardiac output state included myocardial 
dysfunction from infarction or ischaemia and a 
mechanical complication of coronary bypass 
surgery such as tamponade, pulmonary embol- 
ism, or hypovolaemia. Physical examination in 
this case was only partly informative, and 
atypical for cardiac tamponade. 

Cross sectional echocardiography at the bed- 
side identified a potential cause of the low 
cardiac output because it showed a moderate 
pericardial effusion with primary localisation 
along the inferolateral left ventricle. There was 
no excessive “swinging’’ motion of the heart or 
diastolic compression of the free wall of the 
right chamber. In this patient, the cross sec- 
tional echocardiogram was not at all diagnostic 
of tamponade; an inconsistency which has been 
previously recognised in postoperative pericar- 
dial effusions.’ 

In the absence of typical cross sectional 
findings of cardiac tamponade,** Doppler 
echocardiography was the crucial non-invasive 
method of reaching a diagnosis in this patient. 
Significant respiratory variation in mitral E 
wave velocity, isovolumic relaxation time, and 
loss of early expiratory diastolic systemic ven- 
ous filling were detected by Doppler. These 
findings have been associated with cardiac 
tamponade.” ê 

Appleton et al correlated the dissociation of 
pulmonary capillary wedge filling pressure and 
intrapericardial pressure during respiration 
with mitral inflow velocities measured by pul- 
sed wave Doppler in cardiac tamponade.” Dur- 
ing inspiration, pulmonary wedge pressure 
falls relative to intrapericardial pressure and so 
reduces the gradient between the left atrium 
and left ventricle in diastole. Because Doppler 
flow velocities are directly related to the driving 
pressure gradient, the early mitral E wave 
velocity also falls appreciably with the onset of 
inspiration. The isovolumic relaxation time 
also increases with inspiration, reflecting delay 
of mitral valve opening with the decrease in 
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Figure 3 Pulsed wave Doppler findings after pericardiocentesis. Respirometry tracing shows the onset of inspiration 
(insp) and expiration (exp). There was no appreciable respiratory variation in early mitral inflow velocities. The 

isovolumic relaxation time (between pairs of arrows) was constant throughout the respiratory cycle. Diastolic hepatic 
venous filling (arrows) in early expiration was restored. 


pulmonary venous filling pressure. In addition, 
these changes reciprocally interrelate with 
changes in the right heart where early diastolic 
filling velocities are increased across the tricus- 
pid valve with inspiration and decreased with 
expiration.’ This reciprocal ventricular inter- 
dependence is probably the result of res- 
piratory augmentation of venous return in the 
face of restricted intracardiac volume changes 
caused by extracardiac compression. Neither 
the mitral E wave velocity nor the isovolumic 
relaxation time vary significantly with respira- 
tion in patients without tamponade.’ 

Early expiratory decrease or loss of systemic 
venous diastolic inflow velocities by Doppler 
has also been detected in tamponade.’ This 


finding correlates with the nadir of the tricus- 
pid early inflow velocity, presumably due to 
maximisation of impedance to right ventricular 
filling during early expiration. 

In our laboratory the same findings were 
seen in patients with tamponade studied with 
pulsed wave Doppler and respirometry." These 
Doppler findings consistently resolve after 
pericardiocentesis.’ * 

The diagnosis of “low pressure cardiac 
tamponade”? was confirmed by invasive 
haemodynamic measurements in this patient. 
The expanding intrapericardial volume in the 
setting of hypovolaemia precipitated cardiac 
tamponade with the diastolic pressure 
equilibration at low intracardiac pressures and 
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with equilibration of right atrial and 
intrapericardial pressures. These haemodyn- 


_amic findings have been described before.’ ° "° 


It has been reported that low pressure tam- 
ponade, despite occurring in hypovolumic 
states, does not respond to volume repletion.?° 
This was seen in this patient, presumably 
because of the development of a steep 
intrapericardial pressure-volume curve, cur- 
tailing cardiac filling-volume.° 

Pericardial effusions are common after car- 
diac surgery but they rarely cause clinical 
cardiac tamponade.'’ Haemodynamically sig- 
nificant postoperative pericardial effusions, 
however, can be loculated, small in volume, 
and often fail to present the usual signs of 
tamponade on cross sectional echocardiogra- 
phy. 

Pulsed wave Doppler echocardiography with 
respirometry can greatly facilitate the non- 
invasive diagnosis of cardiac tamponade. As 
shown by this case, Doppler echocardiography 
may be particularly useful for the diagnosis of 
low pressure cardiac tamponade when the 
clinical examination and even cross sectional 
echocardiography may be misleading. 
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British Cardiac Society 

The Annual General Meeting will take place at 
the English Riviera Centre, Torquay on 22 to 
25 May 1990. The closing date for receipt of 
abstracts was 19 January 1990. 


Cardiac Doppler 

The Fifth International Congress of the Inter- 
national Cardiac Doppler Society will take 
place in Trondheim on 13 to 15 September 
1990. Inquiries to Congress Secretariat, The 
Norwegian’ Institute of Technology, Depart- 
ment of Continuing Education, N-7034 
Trondheim, Norway. 
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A workshop on Update in Cardiology and 
Cardiac Surgery: East-West Meet will be held 
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Editorial 





Electrical neurostimulators for pain relief in angina 


The idea that stimulating afferent nerve fibres can relieve 
pain grew out of Melzack and Wall’s gate theory of pain.! 
According to this concept, stimulation of large afferent A 
fibres (which do not transmit pain) reduces the input to the 
brain from the peripheral pain receptors via the small 
myelinated and unmyelinated C fibres. The theory gives a 
crude explanation for the variability of the sensation of 
pain. High frequency stimulation with pulse widths of 
between 100 and 200 us, which stimulates the large A fibres 
(but not the C fibres), reduced the sensation of pain.? This 
technique was used with some success to treat chronic pain, 
initially with external transcutaneous stimulators and more 
recently with direct spinal cord stimulation via epidural 
electrodes.’ In a few patients intermittent claudication was 
also relieved and indeed many had noted a sensation of 
warmth in their legs when neurostimulation was applied.** 
Further work has confirmed that neurostimulation is 
useful in severe peripheral vascular disease in relieving 
pain, healing trophic ulcers, and increasing capillary blood 
flow and transcutaneous oxygen tension.>* The effects are 
similar to those of sympathectomy. 

Indeed sympathectomy was used to treat angina, and 
Apthorp et al in 1964 found that it relieved angina in about 
75% of patients.” The use of neurostimulation to relieve 
angina follows logically from its use in peripheral vascular 
disease. Its development was cramped, however, by the 
fact that if pain is inhibited ischaemia will continue 
unabated. But it is now clear that the relation between 
angina and ischaemia, as illustrated by the increasing 
awareness of silent ischaemia, is not constant and painful 
stimuli may be modifitd by many factors.!° It is 
increasingly apparent that neurostimulation is not dan- 
gerous and it can help patients who have severe intractable 
angina despite standard treatment.'*” 


Techniques and mode of stimulation 
In transcutaneous nerve stimulation two large silicon 
rubber electrodes (connected to a battery powered neuro~ 
stumulator) are placed over the area of pain and on the other 
side of the spine in the same dermatome to produce 
segmental stimulation. Pulse widths of 100-200 ys (and 
frequency between 75 and 150 Hz) selectively stimulate the 
large fibres and produce a tingling sensation or parasthesia. 
However, transcutaneous nerve stimulation limits the 
patient’s mobility and sensitivity or rashes occur around 
the electrodes. Therefore, implantable systems have been 
developed. The epidural electrode (unipolar or bipolar) is 
inserted through a standard epidural puncture, which is 
positioned to produce parasthesia in the area of the pain, 


and is connected to a neurostimulator unit that is implanted 
in an axillary pouch. 


Mechanism of action 

The connection between ischaemia and pain is complex 
and it is not known how neurostimulation influences this. 
There are several possibilities. 

Does neurostimulation increase coronary blood flow? 
Non-invasive studies suggested that there was less 
ischaemia in some patients. 77 A recent study from 
Belgium assessed regional myocardial perfusion by 
positron emission tomography with potassium-38 as a 
tracer in seven patients with epidural spinal cord 
stimulators before and after exercise.” There was no 
significant increase of perfusion to abnormal segments 
after maximal exercise despite a reduction in angina and an 
increased time to the onset of ischaemia, although per- 
fusion during stimulation at rest was higher than in the 
controls. In peripheral vascular disease, however, epidural 
neurostimulation improved microvascular blood flow.’® It 
is likely that any changes in perfusion are small, occur 
mainly in the ischaemic areas, and will be difficult to detect 
in the heart. Local flow can be adjusted without any 
increase in total flow, for example the so-called “Robin 
Hood” effect of aminophylline.” 

The effects of neurostimulation have been likened to 
sympathectomy. Although the relief of pain alone may 
indirectly reduce ischaemia by reducing reflex sympathetic 
nervous activity, stimulation of the dorsal column may 
have a direct effect. Currents spread from the dorsal 
columns into the intermediate- columns of the grey area, 
releasing segmental spinal reflexes that tonically inhibit 
sympathetic discharge and this may cause vasodilatation. 
Prostaglandins may be involved too. Hilton and Marshall 
showed vasodilatation in the cat gastrocnemius muscle 
after dorsal root stimulation.” It was unaffected by sym- 
pathetic blocking agents and greatly reduced by prosta- 
glandin inhibitors. They concluded that activity in the 
afferent fibres of skeletal muscle produces an increase in 
muscle blood flow mediated by the release of prosta- 
glandins. The same mechanism may be active in the heart. 

Direct suppression or inhibition of pain pathways in the 
spinal cord is one of the most likely mechanisms. Recent 
experimental work has shown that dorsal column stimula- 
tion inhibits activity of spinothalamic tract cells evoked by 
the electrical stimulation of cardiopulmonary sympathectic 
afferents and by intracardiac bradykinin.” Thus it is likely 
that dorsal column stimulation directly inhibits the trans- 
mussion of nocioceptive cardiac stimuli and thus lessens the 
sensation of pain. 
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Another mechanism for pain suppression is stimulation 
of endogenous opiates. Low frequency electroacupuncture 
has been shown to cause a rise in concentrations of f 
endorphin (but not met-enkephalin) in the cerebrospinal 
fluid in association with relief of pain.” Naloxone can 
reverse the effect of acupuncture.” In patients with exer- 
cise induced myocardial ischaemia, plasma concentrations 
of endorphin are increased with exercise, and concentra- 
tions after exercise are related to the time to onset of angina 
and it is possible that endorphins may alter the perception 
of pain caused by myocardial ischaemia.” It has been 
suggested that transcutaneous nerve stimulation and 
epidural spinal electrical stimulation can increase concen- 
trations of $ endorphin. However, Mannheimer and his 
colleagues showed that naloxone, which is a pure opiate 
antagonist, does not abolish the effect of transcutaneous 
nerve stimulation,’ Electroacupuncture, however, usually 
uses low frequency stimulation which increases f endor- 
phins which can be antagonised by naloxone, whereas the 
high frequency stimulation used with transcutaneous nerve 
stimulation may release met-enkephalins which are not 
blocked entirely by conventional doses of naloxone. Opiate 
peptides may be involved in modulating sympathetic 
activity within the heart (which has opiate receptors) 
especially during stress, pain, or hypoxia.” Until more 
specific agonists and antagonists are available to probe the 
action of opioid peptides, any possible action of neuro- 
stimulation via endorphins remains mere speculation. 


Clinical results in patients with angina 
The clinical use of epidural neurostimulation for patients 
with angina 1s limited. Assessment of these techniques is 
difficult because the treatment of painful conditions is 
especially susceptible to the placebo effect. But sham 
studies or double blind placebo controlled trials are impos- 
sible with neurostimulators because the patient feels paras- 
thesia and the electrical activity interferes with electro- 
cardiographic recordings. The use of transcutaneous nerve 
stumulation in the treatment of angina patients has been 
studied in depth by Mannheimer and his colleagues.” 
They showed that treatment with transcutaneous nerve 
stimulation reduces pain, increases tolerance to pacing, 
improves lactate metabolism, and 1s associated with less 
pronounced ST segment depression. In long term studies 
the group treated with transcutaneous nerve stimulation 
had increased work capacity (as assessed by repeated 
bicycle ergometry tests), reduced frequency of angina 
attacks, and reduced consumption of nitrates compared 
with an untreated control group. We found that trans- 
cutaneous nerve stimulation was useful for the control of 
severe angina and rest pain in patients who were not 
candidates for operation. The effect was often impressive. 
The first report of epidural neurostumulation for the 
relief of angina was that of Murphy and Giles from Perth, 
Australia.'® They described relief of angina after implanta- 
tion in a 54 year old woman with a long history of angina. In 
a later report Murphy and Giles described another 10 
patients who had good clinical benefit.” Mannheimer and 
his colleagues reported on a further 10 patients,” confirm- 
ing the considerable clinical improvement that was 
associated with an increase of working capacity and time to 
angina, less ST segment depression, and a shortened 
recovery time. Our results in 11 patients were promis- 
ing.”!” We did not abolish angina in all patients but in some 
the improvement was remarkable, with a significant drop 
in consumption of glyceryl trinitrate. Some have returned 
to work. Treadmill exercise testing showed an increase in 
exercise duration and some lessening of ST segment 
depression at comparable work loads. None the less, there 
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does not seem to be any close relation between symp- 
tomatic improvement and reduction of ischaemia on exer- 
cise testing or right atrial pacing and there seems to be a 
muxture of pain relief and reduction of ischaemia. The 
beneficial effects have persisted for more than a year and to 
date we have no evidence that mortality is increased; 
however, the numbers treated remain small. The pro- 
longed improvement argues against any placebo effect, 
especially in these patients who often had a rapid 
recurrence of pain after coronary artery bypass grafting. 
It seems that both transcutaneous nerve stimulation and 
epidural spinal electrical stimulation are useful techniques 
for the relief of angina. Pain may be inhibited both centrally 
in the spinal cord and peripherally in the heart and the 
relief of pain may lessen ischaemia by a reduction of 
sympathetic nervous activity. The effect of neurostimula- 
tion is sometimes so considerable that factors other than 
mere pain relief must be involved, such as a redistribution 
of local blood flow to ischaemic areas as occurs in patients 
with peripheral vascular disease. Neurostimulation is not 
therefore an eccentric offshoot of acupuncture but is likely 
to become a useful treatment. Furthermore, discovering 
how it works may clarify the complex mechanisms of 
ischaemic pain. 
J E SANDERSON 


Department of Cardiology, 
Taunton and Somerset Hospital, 
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Cardiac defects in the children of mothers with high 
concentrations of plasma phenylalanine 


Postnatal brain damage in a homozygous affected child 
with phenylketonuria is well recognised. Less well known, 
despite its recognition over thirty years ago’, is the damage 
that even a heterozygous fetus can incur in a homozygous 
mother with high blood concentrations of phenylalanine. 
Low birth weight, microcephaly, mental retardation, and 
congenital heart disease are most often seen but other 
defects of structure have been reported. Lenke and Levy in 
their retrospective survey found congenital heart disease in 
12-15% of the offspring of untreated mothers with classic 
phenylketonuria.” Typically these women had phenylalan- 
ine concentrations in excess of 1200 mol/l, more than 15 
times the normal value. Because the placenta transports 
amino acids actively, fetal blood concentrations are higher 
than those in the mother—with the ratio of fetus to mother 
for phenylalanine being around 1:6. There is evidence too 
that high maternal phenylalanine values may decrease the 
transfer of some other amino acids across the placenta’ so 
that the fetus may have immensely high concentrations of 
phenylalanine but be relatively deficient ın some other 
amino acids. Similarly, in animals there is evidence that 
high fetal blood concentrations of phenylalanine may 
interfere with the transport of other amino acids through 
the blood brain barrier into the central nervous system.‘ 
Poor fetal growth, low birth weight, microcephaly, and 
mental retardation may all be ascribed to the resulting 
amino acid imbalances quite apart from other possible toxic 
effects of phenylalanine or its metabolites. 

The sensitivity of the postnatal brain to high concentra- 
tions of phenylalanine has been known for decades. Con- 
genital heart disease, however, is different. The congenital 
cardiac abnormalities are classic defects of organogenesis 
that can be traced back to the fifth to eighth weeks of fetal 
life during which the heart develops from a simple tube into 
a four chambered structure with separate atrioventricular 
canals and separate outflow tracts developing from the 
common truncus arteriosus. The congenital defects in 
maternal phenylketonuria have included coarctation of the 
aorta, hypoplastic left ventricle, mitral valve atresia, 
ventricular septal defects, Fallot’s tetralogy,’ and now, as 
reported on page 180 of this issue, an anomalous coronary 
artery.° There are some major unanswered questions. For 
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example, is any particular pattern of congenital cardiac 
defects commoner ın maternal phenylketonuria? Why 
should the heart apparently be the next most vulnerable 
organ in the fetus after the central nervous system? The 
incidence of mental retardation in untreated maternal 
phenylketonuria when the mother’s phenylalanine exceeds 
1200 pmol/l is around 90% and the incidence of micro- 
cephaly only slightly less. These incidences are much 
higher than that of congenital heart disease but the 
question of unexpected cardiac susceptibility remains. 
One theory relates to a link between the developing 
central nervous system and the embryonic heart. Kirby and 
Miyagawa have drawn attention to the evidence that neural 
crest cells are important for normal cardiac development.’ 
The neural crest cells migrate away from the neural plate as 
it closes to form the neural tube. Incidentally, a higher 
incidence of neural tube abnormalities has not yet been 
reported in the offspring of mothers with phenylketonuria. 
Cranial neural crest cells move during normal embryonic 
development into the pharyngeal arches and pharyngeal 
region. Some of these, the cardiac neural crest cells, have 
been identified in association with the aortic arch arteries 
and the developing outflow tract. Studies of neural crest 
ablation in developing chick embryos produced various 
cardiac anomalies and it seems that migrating neural crest 
cells are critical in the control of cardiac development. 
Could congenital cardiac damage in maternal phenyl- 
ketonuria ultimately be the result of another adverse effect 
on cells of neural plate origin—in addition to the adverse 
effects on the same tissue that lead to microcephaly 
and mental retardation? Unifying hypotheses are always 
attractive. Proof is more difficult. Orher defects of 
organogenesis—such as oesophageal atresia—have been 
descnbed in the offspring of mothers with phenyl- 
ketonuria* but whether these can be linked to an adverse 
effect on neural crest cells has not been suggested and 
indeed it is not clear whether these defects are truly 
more common than in the normal population. Proof that 
maternal phenylalanine in some way adversely affects the 
fetal heart through an effect on neural crest cells will need 
experimental work in animals that closely models the 
human biochemical defect. Work on that has started. 
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Whatever the theoretical aspects of the problem some 
practical issues are already clear. Naughten and Saul 
reported three deaths in infancy in their series of 50 
offspring born to mothers with phenylketonuria, two of 
which were caused by congenital heart disease.® I know of 
two deaths from congenital heart disease in a series of only 
12 offspring. It is a serious problem which cannot be 
prevented unless the mother’s blood concentration of 
phenylalanine is lowered before the start of cardiac 
development. It is too late to start dietary measures when a 
woman is 7 weeks pregnant.’ ° In practice this means a 
pre-conception diet and a planned pregnancy when the 
mother’s phenylalanine is low. The deaths referred to 
above all occurred when a strict diet was started after 
conception. There is already evidence that a pre-concep- 
tion diet lowers the incidence of congenital heart disease. 
Lenke and Levy’ found no cases of congenital heart disease 
in 44 offspring of mothers with phenylalanine values below 
600 pmol/l and Drogari et al found no examples of 
congenital heart disease in 17 offspring after a strict diet 
had been started before conception." 

For the cardiologist there is great theoretical interest in 
the mechanisms of congenital heart disease, and maternal 
phenylketonuria may offer unique insights into such 
problems. From a practical point of view is it worth 
screening all mothers of children with congenital heart 
disease for maternal phenylketonuria? This depends on 
whether undiagnosed maternal phenylketonuria exists in 
the population. Before the advent of widespread neonatal 
screening around 1970-1972 cases of phenylketonuria were 
definitely missed. Most of these individuals became 
intellectually impaired as a result; so mothers of low IQ 
who have a child with congenital heart disease should be 
tested for phenylketonuria. A small number of women in 
whom phenylketonuria was not diagnosed in early life did 
achieve IQ values in the normal range.’? For this reason if a 
child has both congenital heart disease and other suggestive 
clinical features such as microcephaly or low IQ it is worth 
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testing the mother for phenylketonuria regardless of her 
IQ. Finally, because it is clear that the risk of damage 
extends to all offspring of a mother with phenylketonuria if 
it is untreated by diet any mother with more than one child 
with congenital heart disease must be tested for raised 
plasma phenylalanine. 
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Identification of a high risk subgroup of patients 
with silent ischaemia after myocardial infarction: a 
group for early therapeutic revascularisation? 


Mark de Belder, Douglas Skehan, Charles Pumphrey, Bilal Khan, Stephen Evans, 


Martin Rothman, Peter Mills 


Abstract 

Asymptomatic (“silent”) ischaemia has 
been shown to be of prognostic 
significance in patients with stable and 
unstable angina and more recently in 
patients recovering after myocardial 
infarction. No therapeutic regimen has 
yet been shown to improve the prognosis 
of patients with silent ischaemia after 
infarction, which can be found in as many 
as a third of these patients. Attempts to 
achieve therapeutic revascularisation in 
all these patients may be undesirable, but 
early revascularisation could be 
especially beneficial in some selected high 
risk patients. Two hundred and fifty 
consecutive clinically stable survivors 
of myocardial infarction who had pre- 
discharge submaximal exercise tests 
were followed up for a year. Silent 
ischaemia was found in 27% of these 
patients; 15% had symptomatic isch- 
aemia. Patients with a positive exercise 
test were prescribed a f blocker before 
discharge. Mortality in patients with 
silent (9-4%) and symptomatic (5-4%) 
ischaemia in the first year after infarc- 
tion was not significantly different. 
Patients with symptomatic ischaemia 
were more likely to have undergone 
coronary artery bypass grafting in the 
first year. Patients with silent ischaemia 
were, however, significantly more likely 
to die than patients with a negative 
exercise test (relative odds 12:1). Patients 
with silent ischaemia and an abnormal 
blood pressure response or who could not 
complete a submaximal exercise protocol 
were at particularly high risk, being 32 
times more likely to die than those with a 
negative test (95% confidence interval 
from 3:3 to 307 times more likely). First 
year mortality in this group was 22%. The 
benefits of therapeutic revascularisation 
in this high risk group need to be studied. 


Silent ischaemia has been recognised since 
early this century (“angina sine dolore’’).' It 
occurs when there is objective evidence of 
myocardial ischaemia without symptoms. Such 
evidence is usually the presence of ST segment 


changes, detected during either exercise?“ or 
ambulatory electrocardiograms,*>’ or abnor- 
malities seen during thallium scintigraphy.®° 
Silent ischaemia has been studied in patients 
with stable and unstable angina™!? and, more 
recently, in selected patients after myocardial 
infarction.*"*'* These studies suggested that 
silent ischaemia after infarction is associated 
with an adverse prognosis and is detectable in 
as many as a third of patients after infarction. 
Many patients who die in the first year do so 
suddenly. Evidence in growing that sudden 
death after infarction is related to a new 
ischaemic event more often than has been 
realised.” Therapeutic revascularisation of all 
patients with evidence of ischaemia soon after 
infarction may improve the survival of this 
group, but this would make enormous 
demands on currently available services and 
may be undesirable for patients at lower risk. 
We therefore undertook this study to see 
whether we could identify a group of patients 
with silent ischaemia who were at particularly 
high risk and who might benefit from early 
attempts at revascularisation. We studied only 
those who were clinically stable seven days 
after an infarct, because those with complicated 
early courses had already identified themselves 
as being at higher risk; the clinical and angio- 
graphic characteristics of these patients were 
reported elsewhere.'® 


Patients and methods 

We studied 302 (254 (84%) male and 48 (16%) 
female; mean (SD) age 54 (7-3) years) con- 
secutive patients aged <65 who were clinically 
stable seven days after myocardial infarction. 
We used conventional criteria to diagnose Q 
wave and non-Q wave myocardial infarction 
and define anterior and inferior infarction.’ 
Forty patients were excluded: 10 who were 
unable to perform the exercise test, four with 
left bundle branch block, four patients with 
other medical conditions that carried an 
adverse prognosis, one patient in whom unsta- 
ble angina developed during the first 7 days, 
one patient with previous coronary artery sur- 
gery, one patient in whom atrial flutter 
developed on the exercise test, and 19 patients 
who were not given an exercise test because of 
administrative error. An early submaximal 
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exercise test was therefore undertaken by 262 
patients. No f blockers had been prescribed for 
36 hours and digoxin had been stopped at least 
7 days before the exercise test. 


EXERCISE TEST PROTOCOL 

Patients were exercised using the second and 
third stages of the modified Bruce protocol. 
The median interval from infarction to the 
exercise test was 11 days (interquartile range 9- 
12). Cuff systolic blood pressure measurements 
and a 12 lead electrocardiogram were recorded 
before the test, at the end of each 3-minute 
stage; and 2, 5, and 10 minutes into the 
recovery phase. The test was stopped early if 
there was severe angina pectoris, severe dysp- 
noea, fatigue or ataxia, ST depression >5 mm 
80 ms after the J point, or increased ventricular 
extrasystoles (>10/min or triplets). Predeter- 
mined criteria were set to define “positive” and 
“negative” tests: (a) development of angina 
pectoris; (b) development of horizontal or 
down-sloping ST depression >1 mm, 80 ms 
after the J point; (c) inappropriate blood pres- 
sure response defined as failure of the systolic 
blood pressure to rise by 210 mm Hg—or 
having risen, to fall again by >10 mm Hg; (d) 
inability to complete the exercise test because 
of severe dyspnoea, fatigue, or ataxia; and (e) 
development of a ventricular extrasystolic rate 
that was > 6 beats higher than the count on the 
resting pre-exercise electrocardiogram, or the 
development of ventricular triplets. 


GROUP UNDERGOING CARDIAC CATHETERISATION 
Cardiac catheterisation was performed on 123 
of 139 patients with a positive exercise test at a 
median of 21 (interquartile range 16-31) days 
after infarction. The remaining 16 did not 
undergo catheterisation: because of early death 
(four), refusal (five), incorrect reporting of the 
exercise test as negative (four)}—in each case an 
inappropriate blood pressure response had 
been overlooked, or administrative error 
(three). During cardiac catheterisation we 
measured several variables'*®; these included a 
left ventricular regional wall motion score 
based on that of the Coronary Artery Surgery 
Study,” the number of vessels with a stenosis of 
>50% of the diameter, an overall coronary 
artery score (a high score reflecting more 
extensive disease), and a score to reflect the 
supply of collateral vessels to the infarct 
territory. 


FOLLOW UP 

Patients with a positive exercise test were all 
prescribed a $ blocker (sotalol) (unless con- 
traindicated) 1-2 days before discharge in a 
dose sufficient to reduce the resting heart rate 
to <60 beats/min. The development of angina 
was treated with the addition of nitrates or 
calcium channel blockers, and coronary artery 
surgery was offered for angina not controlled 
with medication or if we believed that this 
would improve the prognosis based on 
arteriographic criteria. Treatment for the 
“negative” group was not standardised. Follow 
up data were collected for one year after 
infarction. Of the 262 patients who performed 


the exercise test, 16 were lost to follow up: six 
from the positive group and 10 from the 
negative group. Six of the exercise tests could 
not be analysed because the recordings were 
lost; of these, five had been reported as negative 
and one as positive. Follow up on these six was 
complete. There were thus 240 patients with 
interpretable exercise tests and complete follow 
up. Of the 16 patients lost to follow up, six also 
had missing exercise tests at the time of 
analysis. There were, therefore, 250 well- 
documented exercise tests. 


STATISTICAL ANALYSIS 

Data were analysed with the SPSS/PC+ 
program on a Sperry PC/IT computer. Un- 
ordered categorical variables were compared 
by 7 analysis with Yates’s correction as 
appropriate. Means were compared by analysis 
of variance. Likelihood ratios were calculated 
where appropriate.” 


Results 

INCIDENCE AND INTERRELATIONS OF ST SEGMENT 
DEPRESSION AND ANGINA (TABLE 1) 

Of the 104 patients in whom ST segment 
depression developed, 67 (64%) had no symp- 
toms while angina developed in 37 (36%). 
Those with silent ischaemia accounted for 27% 
of the 250 patients with well-documented exer- 
cise tests after infarction. Forty six (18%) had 
ST segment depression as the only abnormality 
on exercise. Twenty three patients had a 
positive exercise test on the basis of criteria 
other than those used to identify these groups. 
A total of 123 patients had negative tests. 


CLINICAL OUTCOME (TABLES 2 AND 3) 

Six patients with silent ischaemia died—three 
suddenly, one after further myocardial infarc- 
tion, and one in intractable heart failure; the 
circumstances surrounding the death of the 
sixth patient were not known (table 2). Two 
patients with angina and one patient with a 
negative exercise test died suddenly. The first 
year mortality of the patients excluded from the 
exercise protocol was 19% and that of the 
patients with positive exercise tests on criteria 
other than angina or ST depression was 26% 
(six patients). 

Patients with silent ischaemia were 12 times 
more likely to die in the first year than patients 
with a negative exercise test (p = 0:005) (95% 
confidence intervals from two to 65 times more 
likely to die) (table 3). They were nearly twice 
as likely to die as those with angina, though the 
difference was not statistically significant (95% 
confidence interval for the difference between 
the two groups from 6% better in the group 
with silent ischaemia to 14% better in the 
group with angina). Patients with angina were, 


Table! Patent study groups 


Silent Symptomatic Negative 
Groups (n m 67) {n = 37) {n = 123) 
Angne a + = 
ST segment 
depression + + = 
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Table 2 Characteristics of patients uth silent wchaerma who died 
Angiographic features 
Qor 
Risk Prev Infarct non-Q LV CA No. Mode|time 
Case Sex Age factors MI ste wave Other exercise test features score score VD Colls of death 
1 M 5 DM - Anterior Q Abnormal BP response, ECG 3 35 4 3 MI/10 
recovery > math 
2 M 6l Smoker - Anterior Q Test (6 min) a E completed, or 33 22 1 2 SD/5 mnth 
segment elevation, 5 mm S 
depression, ECG recovery : 5 
min 
3 M 56 Smoker, HT, ~ Inferior Non-Q Resting ST segment depression 25 An 28 2 0 CCF/2 
DM 0 1 mV, ECG recovery 2-5 mn math 
4 M 55 Smoker, FH — Infenor Q Resting ST segment depression 22 16 2 0 SD/9 moth 
01 mV, ST segment elevation, 
ECG recovery 2-5 min 
5 M 46 Smoker - Inferior Non-Q Abnormal BP response, ECG 21 38 4 4 Unknown/ 
recovery >5 min 1 mnth 
6 M 60 Smoker, FH + Anterior Q Test (6 min) not completed, ST 26 18 2 3 SD/2 moth 


segment elevanon, ECG 


recovery >5 min 


An, aneurysm, BP, blood pressure, CA, coronary artery, CCF, congesuve cardiac failure; Colls, collateral score; DM, diabetes mellitus, ECG recovery time, ume 
taken for ST segment depression developing during exercise to return to level of resting ECG before test; FH, postive family history; HT, hypertension, LV, left 
ventricular; MI, myocardial infarction, SD, sudden death, ST segment elevation, elevation in leads reflecting infarct, VD, vessels diseased. 


however, more likely to have undergone coro- 
nary artery bypass surgery (30% v 14% of 
those with silent ischaemia (p = 0-06)), proba- 
bly because they were more likely to have 
complained of angina in the first year after 
infarction (79% v 41%, p < 0-005). 

To refine the risk stratification of patients 
with silent ischaemia they were separated into 
two subgroups—those with and those without 
at least one of the other criteria that had been 
used to define a positive exercise test. Four of 
the sıx patients who died in the first year had 
shown an additional feature (an abnormal 
blood pressure response, patients 1 and 5; or an 
inability to complete the submaximal protocol, 
patients 2 and 6) (table 2). A high risk group of 
patients with silent ischaemia was thus iden- 
tified (table 4); these patients were more likely 
to die than any of the other groups. The “high- 
risk” patients with silent ischaemia were not 
only 32 times more likely to die than the 
patients with negative exercise tests (95% 
confidence interval from 3-3 to 307 times more 
likely), but they were 6-5 times more likely to 
die than the “low risk” patients with silent 
ischaemia (95% confidence interval from 1-2 to 
33 times more likely), and five tımes more likely 
to die than those with symptomatic ischaemia 
(95% confidence interval from 0-9 to 27 times 
as likely). 


SUBGROUP ANALYSES:ALLOWANCE FOR 
“RECIPROCAL” CHANGES 

In some patients the development of ST 
depression might have been a reciprocal change 
in response to the development of ST elevation 


Table 3 Chmcal outcome in the first year after infarction in patients with silent and 


symptomatic ST depression 








Stent Symiptomatre Negative 
{n m 64F} (n = 37) in = 113*) 

Dead (no, "4) 6 (94) 2 (54) 1 (09) 
Relative odds 12 64 1 

Angina (no, “.,) 26 Bad, 29 (79) 31 (27) 
Relative odds 96 1 

Coronary artery bypass graftung (no, ”,,) 5 KO 11 (30) 3 (27) 
Relauve odds 16 1 

Myocardial infarction (no, a) 3 Ta 7) 1 (27) 3 (27) 
Relative odds 17 I 1 

Left ventricular failure (no, ”,,) 3 (27) 
1 


Relative odds 


*Some lost to follow up 


5 (78) 1(@7) 
3 1 





in the infarct territory on exercise. In two 
studies of post-infarct patients this feature 
typified a group with extensive left ventricular 
damage.” ”? This factor may account for the 
increased mortality in the group with silent 
ischaemia (as well as the group with symptoms) 
compared with those with a negative test. We 
performed further analyses to investigate this 
possibility. These showed that the increased 
mortality was not confined to those with ST 
segment elevation; this applied for all patients 
with ST depression, whether this was silent or 
symptomatic. Of the 67 patients with silent 
ischaemia, 28 developed ST segment elevation 
in the territory and three (11%) died in the first 
year. Of the 39 patients without ST elevation, 
three (7:7%) died. 


COMPARISON OF CLINICAL AND ANGIOGRAPHIC 
CHARACTERISTICS OF PATIENT GROUPS (TABLE 5) 
We compared the clinical features in all the 
groups and the exercise responses and angio- 
graphic features in the groups with silent 
ischaemia and angina. 


History and 12 lead electrocardiogram (table 5) 
The only significant difference between the 
groups was that 25% of patients with silent 
ischaemia had a history of hypertension com- 
pared with 11% of those with a negative test 
(p = 0-008). Of the total number of patients 
with a history of hypertension, 34% had a 
resting ST segment change of 20:05 mV 
compared with 17% of those who did not have 
hypertension (p < 0-02). Of all patients with 
resting ST segment depression 20-05 mV, 
72% developed at least 0-1 mV of further ST 
segment depression on exercise compared with 
32% of those without resting changes (p < 
0-001). 

There was no difference in the distribution 
of sites of infarction between patients with 
silent ischaemia and symptomatic ischaemia, 
but those with silent ischaemia were more 
likely to have had an inferior infarct than those 
with a negative exercise test (63% v 43%, p = 
001). Patients with symptomatic ischaemia 
were more likely (57%) than both the silent 
(34%) and the negative (28%) test groups to 
have had a non-Q wave infarction. 
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Table 4 Silent ischaenna: a high risk subgroup 








Silent ischaemia Silent uchaemia Symptomatic Negative exercise 
(higher risk} (lower risk) ischaerma test 
(18) (46) (37) (113) 
Dead at | year 
(no, o») 4 (22) 2 (43) 2 64) 1 (09) 
Relative odds 32 51 64 I 
CABG *(no, ",,) 4 (22) (30) 2 (27) 


Relauve odds 10 


5 (11) ll 
45 16 





*No patient undergoing coronary artery bypass grafting (CABG) died ın the first year. 
Three patients were lost to follow up 


Other exercise test variables (table 5) 

Patients with symptomatic ST depression were 
less likely to complete the submaximal exercise 
test than patients with silent ischaemia. There 
were no significant differences in the distribu- 
tion of the other exercise test variables. The 
absence of symptoms in the group with silent 
ischaemia could not be accounted for by a 
slower heart rate nor a different acceleration of 
heart rate nor by a lower double product. 


Angiographic variables (table 5) 

The groups with silent ischaemia and a nega- 
tive test could not be distinguished by differ- 
ences in the degree of left ventricular damage, 
number of vessels diseased, extent of coronary 
disease, or the degree of collateralisation. 


Discussion 

Silent ischaemia is of prognostic relevance in 
patients with asymptomatic,”™ stable,” or 
unstable coronary artery disease.” ” Its impor- 
tance after infarction is less clear. We found 
silent ischaemia, identified by means of a pre- 
discharge exercise test, in 27% of clinically 
stable patients after myocardial infarction. 
This accords with two other major studies: in 
one, silent ischaemia was identified in 23% of 
patients by means of an exercise test,” and in the 
other ambulatory ST segment monitoring 
showed silent ischaemia in 29% of a higher risk 
group.“ We do not know, however, whether 
currently available therapeutic options can 
improve the prognosis of patients with silent 
ischaemia, whether or not this follows infarc- 
tion.” 

In our study, mortality was higher in patients 
with silent ischaemia than in those with a 
negative exercise test. The fact that patients 
with a positive exercise test were treated with a 
B blocker before discharge but patients with a 
negative test were treated at the discretion of 
their referring physician is not likely to have 
confounded these results. It is unlikely that this 
treatment harmed the group with a positive 
exercise test because these drugs improve prog- 


Table5 Differences m climcal, ECG exercise test, and angiographic variables between groups 


Silent Symptomatic Neganve Statistical analysıs* 
(n = 67) (n = 37) (n = 123) 
ERE < Silent Silent Symptomatic 
No (%) No (%) No (%) v symptomatic v negative vu negattve 
History 
Male 58 (87) 30 (81) 110 (89) NS NS NS 
Female 9 (13) 7 (19) 13 (11) 
Previous MI 6 (9) 5 (14) 4 (3) NS NS NS 
Smoker 58 (87) 30 (81) 94 (76) NS NS NS 
Diabetes 11 os) 3 (8) 12 (10) NS NS NS 
Hypertension 17 (25 6 (16) 13 Ga NS p = 0 008 NS 
+ve Family history 17 (25) 9 (24) 24 20) NS NS 
Site/type of MI’ 
Antenort 23 (34) 15 (41) 65 (53) NS p=001 NS 
Infenort 42 (63) 2 6) 53 (43) 
Q wave 44 (66) 16 (43) 89 2) p= 003 NS p = 0001 
Non-Q wave 23 (34) 21 (57) 34 28) 
Posituve exercise test vanables. 
Inability to complete 4 (9) 7 (19) p=004 
Abnormal BP response 14 (21 12 (32) NS 
Ventricular arrhythmias 4 (6) 3 (8) NS 
ST elevauon 28 (42) 12 (32) NS 
Mets when ST depression occurred. 
«3 40 (60) 18 (49) NS 
4-5 27 (40) 19 es NS 
<2 mm of ST depression 55 (82) 34 323 NS 
> 2mm of ST depression 12 (18) 3 (8) NS 
<2 min ECG recovery time 7 (10) 4 (11) 
2-5 min ECG recovery ume 27 (40) 17 (47) NS 
>5 min ECG recovery ume 33 (49) 15 41) 
Mean heart rate at rest (SD) 78 (18) 73 KE NS 
Mean heart rate at 3 min (SD) 112 (21) 109 (25) NS 
Mean heart rate at 6 mun (SD) 120 (22) 116 (18) NS 
Mean rate diff 3 min — rest (SD) 34 (12) 37 (22) NS 
Mean rate diff 6 min — rest (SD) 43 (13) 44 (17) NS 
Angiographic variables} 
O vessels diseased 1 (1 6) 1 (2 9) 
1 vessel diseased 19 (30) 5 (15) 
2 vessels diseased 18 (28) 12 (35) NS 
3 vessels diseased 16 (25) 12 (35) 
4 vessels diseased 10 (16) 4 (12) 
Mean coronary artery score (SD) 21 (8 3 23 (8 8) NS 
Mean left ventricular score (SD) 21 (58 19 (5 8) NS 
Mean collateral score (SD) 256 (156) 297 (155) NS 
Collateral score groups 
None (score 0) 13 (20) 6 (18) NS 
Minor (score 1, 2) u ü) 2 (5 9) NS 
Major (score 3, 4) 40 (63) 26 NS 





W but analysis of variance for means only p < 0 05 shown, NS, not significant. 
cluding those with new infarction in both territories 

tients with positive exercise rest. 
e! 


ts, metabolic equivalents. 
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nosis after infarction”! and were not prescribed 
if there were contraindications. Mortality in 
patients with silent ischaemia (9-4%) and 
symptomatic ischaemia (5-4%) was not sig- 
nificantly different. Those with symptomatic 
ischaemia were more likely to undergo coro- 
nary artery bypass grafting—probably because 
they were more likely to have angina in the year 
after infarction. None of the patients under- 
going operation died within the first year. 
Although it has never been formally tested in 
post-infarct patients, careful selection of 
patients for early revascularisation is likely to 
improve prognosis.” Our results indicate that 
the absence of symptoms associated with silent 
ischaemia should not necessarily preclude 
patients from a revascularisation programme. 
Attempted revascularisation of all patients with 
silent ischaemia after infarction is, however, 
probably not desirable.**** A group of patients 
with silent ischaemia who were at particularly 
high risk was identified by ST segment depres- 
sion during exercise accompanied by an abnor- 
mal blood pressure response or by the patient’s 
inability to complete the submaximal exercise 
protocol. Mortality was 22% in this group. 
Although by no means forming a comparable 
group, the patients receiving placebo in the 


“Coronary Drug Project (men who had survived 


to at least three months after infarction) had a 
first year mortality of about 5%. Only those in 
the top three deciles of risk (based on 10 clinical 
characteristics) had a five year mortality greater 
than 22%. The benefit of therapeutic revas- 
cularisation in these patients should be studied 
in a much larger population. Our findings 
suggest that objective evidence of ischaemia 
after infarction should lead to further stratifica- 
tion and not simply be considered as a concept 
to “excite and reward underemployed cardio- 
logists”’.*” 

The coronary arteriographic characteristics 
of the groups with silent ischaemia and symp- 
tomatic ischaemia were similar—indicating 
that symptoms are not caused by more wide- 
spread coronary disease, and confirming 
similar observations made by others.4**” The 
extent of left ventricular damage was also 
similar in the two groups and this factor does 
not account for the different mortalities. In the 
Coronary Artery Surgery Study, although 
patients with both angina and ST depression 
were somewhat more likely to have triple vessel 
disease than those with only one of these 
features, the long term outcome was similar in 
these three groups; outcome in each group was 
related to the number of diseased vessels.™ 
There are, however, major population differ- 
ences between such a study and the present one 
in which only post-infarction patients were 
investigated. 

No features of the previous clinical history 
helped to distinguish between those with silent 
ischaemia and those with symptomatic isch- 
aemia. Patients with silent ischaemia, were, 
however, more likely to have a history of 
hypertension than patients with a negative 
exercise test. This difference may be partly 
explained by a higher incidence ‘of abnor- 
malities on the resting electrocardiogram in 
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patients with a history of hypertension. In such 
patients further significant ST segment 
depression on exercise may simply represent an 
exercise induced exaggeration of an abnor- 
mality that is already present. Alternatively, 
these changes may indicate true ischaemia, 
reflecting patterns of coronary disease of small 
vessels or increased oxygen demands in hyper- 
tensive patients. An association between 
hypertension and the development of silent 
myocardial infarction has been noted 
before.” *! The group with silent ischaemia had 
a higher incidence of inferior infarction than 
either the symptomatic group or those with a 
negative exercise test. Since the 12 lead elec- 
trocardiographic exercise test is more sensitive 
for anterior than inferior ST segment depres- 
sion,” it may be that some patients with 
anterior infarcts but with residual inferior 
ischaemia are “missed”? by the exercise test 
when ST segment depression is the only 
feature considered. Patients with symptomatic 
ischaemia were more likely to have had anon-Q 
wave infarction than those with silent isch- 
aera (relative odds 2-5:1) and patients with 
negative exercise tests were the least likely to 
have had a non-Q wave infarction. 

There are particular difficulties in defining 
“ischaemia” on the exercise electrocardiogram 
soon after infarction. ST segment elevation in 
the territory of the infarct may become more 
pronounced on exercise, and if ST segment 
depression occurs in the electrocardiographic 
leads that represent the area opposite to this 
territory, it is impossible to be certain whether 
this is a reciprocal electrical event or represents 
true ischaemia. This is potentially important in 
the context of this study because the group with 
ST segment elevation might have a higher 
mortality related to more extensive left ven- 
tricular damage, Further analysis, however, 
showed that mortality was the same whether 
ST depression occurred alone or together with 
ST elevation. In addition, it might be argued 
that patients in whom dyspnoea develops in the 
presence of ST depression do not have “‘silent” 
ischaemia. But there are difficulties in objec- 
tively assessing the cause of dyspnoea in 
patients soon after infarction, and there are 
advantages in a simple definition of silent 
ischaemia that allows for comparison between 
studies. 

Exercise testing after myocardial infarction 
is now recognised as a powerful means of risk 
stratification; it provides multiple variables 
some of which are more useful for predicting 
clinical outcome than others.’ We found that 
those with ST depression, whether silent or 
not, have a higher mortality than those with a 
negative exercise test. Those patients in whom 
silent ischaemia is associated with an abnormal 
blood pressure response or who are unable to 
complete a submaximal protocol are at par- 
ticular risk. Patients with symptoms of angina 
associated with the ST depression are currently 
more likely to undergo attempted revasculari- 
sation than those with silent ischaemia. Our 
results suggest that withholding therapeutic 
revascularisation from those with silent isch- 
aemia, particularly the subgroups at higher 
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risk, may be inappropriate. A study is needed to 
investigate the potential benefit of therapeutic 
revascularisation in high risk groups. 
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Non Q wave infarction: exercise test 
characteristics, coronary anatomy, and prognosis 


Jonathan P Fox, James M Beattie, Mahmood S Salih, Michael K Davies, 


William A Littler, R Gordon Murray 


Abstract 
The exercise test characteristics, coron- 
ary anatomy, and prognosis of patients 
discharged after non Q wave myocardial 
infarction were compared with those in 
whom Q wave infarction occurred. Of the 
339 patients studied, all of whom were 
<70 years, 87 (26%) had had a non Q wave 
infarction. There were no significant 
differences in the exercise test character- 
istics between the two groups, and in those 
149 patients in whom angiography was 
performed triple vessel disease was 
present in 36/114 (32%) of the Q wave 
group and 9/35 (26%) of the non Q wave 
group. The infarct related artery was 
more often patent in the non Q wave 
group (27/35 (77%)) than in the Q wave 
group (53/114 (46%)). The one year mor- 
tality and the reinfarction and angina 
rates were similar in the two groups and 
the exercise test remained a good dis- 
criminator for predicting patients at risk 
of future cardiac events in both groups. 
In view of the similar outcome and 
severity of coronary disease in those aged 
<70 with non Q wave infarcts, the distinc- 
tion between Q and non Q wave infarction 
need not influence management decisions 
in patients after myocardial infarction. 


The short term prognosis for patients with a 
non Q wave myocardial infarction is excellent! 
with an in hospital mortality of approximately 
2%.73 However, recent reports have suggested 
that patients sustaining a non Q wave infarct 
may be at a higher risk of late complications— 
death,’ reinfarction,’ and angina*—than those 
with a Q wave infarction. After myocardial 
infarction, early exercise testing has been 
shown to be of value in predicting patients at 
risk from future cardiac events®* and thus 
might be useful in identifying which patients 
with non Q wave infarction are likely to benefit 
from appropriately timed intervention. This 
study was performed to investigate and com- 
pare the exercise test characteristics, coronary 
anatomy, and prognosis of patients after non Q 
wave irifarction and after Q wave infarction. 


Patients and methods 

We studied 339 patients aged 34-70 who were 
able to perform a predischarge exercise test 
after a confirmed myocardial infarction. No 
patient had been treated by thrombolysis. 
Myocardial infarction was defined as the 


presence of at least two of the following 
features: (a) typical history of ischaemic pain, 
(b) a serum concentration of aspartate trans- 
aminase of at least twice normal, (c) develop- 
ment of new Q waves (with a duration of at least 
0-04 s) or persistent ST/T wave changes. 
After the exercise test all patients were put on 
B blockers before discharge (unless contra- 
indicated) and this treatment was continued for 
at least one year. During that time full follow 
up was maintained and the cardiac events of 
death, reinfarction, and angina were recorded. 
Coronary artery bypass surgery was only 
undertaken in those patients whose symptoms 
were not controlled by medical treatment. 


EXERCISE TESTS 

Submaximal exercise tests (modified Naugh- 
ton protocol) were performed in the immediate 
predischarge period on a treadmill (Medtronics 
IMC model 210). Blood pressure and 12 lead 
electrocardiogram (Siemens-Elema Mingo- 
card 7) were recorded while patients were 
supine and erect before exercise, every 3 min- 
utes during exercise, and at the end of the test. 
Continuous electrocardiographic monitoring, 
displayed on an oscilloscope, was performed 
throughout the test. 

Tests were stopped if angina developed or if 
one of the following pre-defined criteria 
occurred: (a) attainment of 85% of maximum 
predicted heart rate, (6) development of > 0-4 
mV horizontal ST segment depression, (c) 
occurrence of complex ventricular arrhyth- 
mias, (d) exercise hypotension: defined as a > 
10 mm Hg fall ın systolic blood pressure from 
the previous reading, (e) completion of the 18 
minute protocol. 

Exercise tests were defined as positive if 
downsloping or horizontal ST segment depres- 
sion > 0-1 mV, measured 80 ms after the J 
point, occurred during exercise. Positive tests 
were further designated as “‘silent’’ 1f no angina 
occurred and as “painful” if they were accom- 
panied by angina. The final double product 
achieved was the product of the systolic blood 
pressure and heart rate at maximal exercise. 


CORONARY ANGIOGRAPHY 

Cardiac catheterisation was performed from 
either the femoral or brachial approach within 
three months of infarction. Selective coronary 
angiography was undertaken and angiograms 
were recorded in multiple views to allow 
adequate visualisation of the entire coronary 
tree. The coronary vasculature was divided 
into three main trunks: left anterior descending 
artery, circumflex artery, and right coronary 
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artery. Each trunk was examined for the 
presence of important disease, which was con- 
sidered to be present if the luminal diameter of 
a vessel was reduced by > 75%. This criterion 
was used to classify single, double, or triple 
vessel disease. In addition, the infarct related 
artery was identified in each patient from the 
admission electrocardiogram and its patency or 
otherwise was determined. 


STATISTICAL ANALYSIS 

Continuous variables were expressed as mean 
(SEM) and differences between groups were 
assessed by a Student’s unpaired t test. Dif- 
ferences between discrete variables were asses- 
sed by 7° tests with Yates’s correction. In all 
cases a value of p < 0:05 was regarded as 


significant. 


Results 

Of the 339 patients in the study 87 (26%) were 
classified as having sustained a non Q wave 
infarction on the basis of their electro- 
cardiographic changes. Table 1 shows the 
baseline characteristics of these patients and 
those with Q wave infarctions. The mean ages 
of the groups were similar but there were more 
female patients in the non Q wave group (23%) 
than in the Q wave group (11:5%; p < 0:02). In 
addition, anterior infarction was more common 
in the non Q wave group (63% v 44%; p < 
0-01). 


BXERCISE TESTS 

Table 2 summarises the exercise test character- 
istics of the patients with non Q wave and Q 
wave infarcts. The mean exercise time was 
similar in the two groups as was the final double 
product. Negative tests were as common in the 
group with Q wave infarction as in the group 
with non Q wave infarction (49% and 45% 
respectively) and among those with positive 
tests silent and painful ischaemia were dis- 
tributed equally between the two groups. 


CORONARY ARTERIOGRAPHY 

Coronary arteriography was undertaken in 149 
patients, 114 from the Q wave group and 35 
from the non Q wave group, representing 45% 


Table! Baseline variables 





Non Q wave Q wave 
Variable (nw 87) (nw: 252) 
Age (years) (mean (SD)) 523(05) 53 8 (0 3) 
Female (No (%)) 20 (23) 29 (11 5)* 
Anterior site (No (%)) 55 (63) 110 (44)** 
Inferior site (No (%)) 32 (37) 142 (56)** 
*p < 002, **p < 001, 
Table 2 Exercise test characteristics 

Non Q wave Q wave 
Characteristic (n= 87) (n= 252) 
Exercise time (min) 12-4 (0 6) 11 8(0 3) 
Double product 177 (5 3) 176 (3 3) 
(HR x SBP x 1077) 
Negative test (No (°%)) 43 (49) 113 (45) 
Silent ischaemia (No (°%)) 22 (25) 60 GR 
Painful ischaemia (No (%)) 22 (25) 79 (31 


HR, heart rate; SBP, systolic blood pressure 
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Figure 1 Distribution of coronary artery disease. 





and 43% of the groups respectively. Figure 1 
shows the frequencies of single, double, and 
triple vessel disease. The trend towards more 
single (54%) and less double vessel disease 
(20%) in the non Q wave group compared with 
the Q wave group (39% and 30% respectively) 
did not reach statistical significance. Triple 
vessel disease was equally common in the two 
groups (26% v 32%). 

Significantly more patients in the group with 
non Q wave infarction had a patent infarct 
related artery (27 (77%)) than those in whom a 
Q wave infarct occurred (52 (46%)) (p < 0-01). 


SUBSEQUENT CARDIAC EVENTS 

Figure 2 shows the mortality and reinfarction 
and angina rates at one year for the two groups. 
Two patients from the group with non Q wave 
infarction died (2%) and 14 (5%) from the 
group with Q wave infarction (NS). Reinfarc- 
tion rates were also similar (8% and 9% 
respectively) as was the subsequent develop- 
ment of angina pectoris (38% and 43% respec- 
tively). In the group with non Q wave 
infarction seven patients either died or had 
reinfarctions in the first year and five of them 
had a positive exercise test (71%) compared 
with 28 patients in the Q wave group with 
either complication of whom 23 (82%) had a 
positive exercise test. 


30 O Non Q wave intarct 


Q wave mfarct 
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Figure 2 One year mortality and reinfarction and 
angina rates. 


Non Q wave infarction 


CORONARY ARTERY SURGERY i 
Coronary artery bypass surgery was only 
undertaken in those patients in whom symp- 
toms could not be controlled by medical treat- 
ment. Twelve (14% ) patients with non Q wave 
infarction and 32 (13%) of those with Q wave 
infarcts had coronary artery surgery. 


Discussion 

In this study non Q wave infarction was 
common. It was found in 26% of patients who 
performed a predischarge exercise test. Others 
have reported a similar incidence with figures 
ranging from 16% to 29%.'*® Thus patients 
with non Q wave infarction make up a substan- 
tial group. 

We showed similar exercise test characteris- 
tics in Q wave and non Q wave groups, with just 
under half of the patients in each group having 
a negative test. It could be argued that a 
submaximal test might have understressed the 
group with non Q wave infarction but Sia et al 
using a symptom limited test at 6 days found 
negative tests in 41% of patients with non Q 
wave infarcts.” In addition, Sia et al found a 
negative test to have been highly predictive of 
the absence of triple vessel disease or a critical 
stenosis. 

The finding of similar disease severity at 
angiography in the two groups in this study 
accords with their exercise test findings and 
confirms the work of Ogawa et al who found 
frequencies of multivessel disease to be equal in 
Q wave and non Q wave infarcts (51% and 53% 
respectively)."' Similar findings were also 
reported by Madigan er al.? The demonstra- 
tion of a significantly higher patency rate of the 
infarct related artery in the patients with non Q 
wave infarcts in this study accords with the 
current hypothesis that many non Q wave 
infarcts are the result of either a subtotal 
occlusion of the relevant artery or caused by 
spontaneous reperfusion. DeWood and 
colleagues reported a similar finding in patients 
with non Q wave infarcts studied one week 
after admission.’ 

We did not find that the incidence of sub- 
sequent cardiac events was higher in those with 
non Q wave infarcts than in those with Q wave 
infarcts; unlike Hutter et al who reported a 
significantly increased reinfarction rate nine 
months after discharge in patients with non Q 
wave infarcts.’ In that study, however, the 18 
month survival rate was identical in the two 
groups, suggesting that the overall prognosis 
was similar—as we report. In addition, there 
was no increase in the number of patients with 
angina at two years although Cannom and 
workers reported an increased frequency of 
angina in survivors of non Q wave infarction.” 
Ogawa et al also reported an increased reinfarc- 
tion rate in those with non Q wave infarcts." In 
a study of 593 patients Krone et al reported a 
two year mortality of 3:2% after non Q wave 
infarction and noted a particularly favourable 
outcome in those under 60 years.” This was 
again reported in a large recent study by Nicod 
and colleagues who showed that the prognosis 
in patients with non Q wave infarcts who were 
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aged less than 70 years was similar to that found 
in those with Q wave infarctions.” Our data 
seem to confirm these reports, because all our 
patients were < 70. Finally, Boden et al 
showed that patients in whom the features of 
non Q wave infarction do not fit a defined 
anatomical pattern have an improved short 
term and long term prognosis,” further 
emphasising the point that non Q wave infarc- 
tion is not necessarily associated with a high 
incidence of subsequent cardiac events. 

We showed that non Q wave infarction was 
common; we found it in a quarter of patients 
undertaking a predischarge exercise test. In 
such patients the exercise test characteristics 
and coronary anatomy were similar to those in 
patients with Q wave infarction. In addition, 
the one year prognosis and incidence of 
recurrent infarction and angina were similar in 
the two groups, suggesting that in patients aged 
< 70 years a non Q wave infarction could be 
managed the same way as a Q wave infarct. 
After a non Q wave infarction the predischarge 
exercise test remains a good discriminator of 
patients at risk of subsequent cardiac events. 

None of our patients were treated by throm- 
bolysis, however; and because its frequent use 
may change the course of non Q wave infarction 
further studies will be needed in patients with 
non Q wave infarcts. 
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Concentrations of plasma atrial natriuretic factor 
during and after reversion of ventricular 


tachycardia 


Nicholas Twidale, John R Oliver, Margaret Menadue, Andrew M Tonkin 


Abstract 

Plasma concentrations of immuno- 
reactive atrial natriuretic factor were 
considerably increased (mean 745 
(376) pg/ml) in 15 patients during spon- 
taneous ventricular tachycardia. There 
was no significant relation, however, be- 
tween concentrations of plasma atrial 
natriuretic factor and systolic arterial 
blood pressure during tachycardia. 
Samples taken 30 minutes and 24 hours 
after reversion of ventricular tachycar-~ 
dia to sinus rhythm showed that, although 
plasma concentrations of atrial natri- 
uretic factor had fallen significantly, they 
were still raised after 24 hours. Raised 
concentrations of atrial natriuretic factor 
during ventricular tachycardia did not 
seem to contribute significantly to the 
hypotension that is often associated with 


the arrhythmia. 


Mammalian atrial tissue has been shown to 
contain secretory-like storage granules with 
characteristics similar to those of endocrine 
peptide secretory cells.’ These granules con- 
tain a polypeptide hormone, which is first 
synthesised as a 151 amino acid prohormone.** 
The prohormone is further processed to several 
smaller peptides, one of which is « natriuretic 
polypeptide, or atrial natriuretic factor, a 28 
amino acid polypeptide with potent natriuretic 
and diuretic properties.’ í 

A considerable body of evidence suggests 
that atrial natriuretic factor may help maintain 
sodium ion and water balance and modulate the 
renin-angiotensin-aldosterone system.’ In 
addition, a moderate vasodilatory effect has 
been reported after infusion of atrial natriuretic 
factor in humans. The major stimulus for 
release of atrial natriuretic factor into the blood 
stream is atrial distension, as occurs in conges- 
tive cardiac failure, although recent studies 
suggest that atrial natriuretic factor released 
from abnormal ventricular myocardium, may 
also contribute.’ ° , 

Plasma concentrations of atrial natriuretic 
factor are raised in patients with supraven- 
tricular tachycardias, but they also seem to rise 
during ventricular tachycardia; however, fewer 
patients with this arrhythmia have been 
studied." * Because patients with ventricular 
tachycardia often have severe ventricular 
dysfunction, atrial natriuretic factor 
concentrations may be extremely high, owing 
to combined atrial natriuretic factor release 
from atrial and ventricular sites. The aim of 


this study was to examine the pattern of atrial 
natriuretic factor release during ventricular 
tachycardia, and evaluate whether this can 
contribute appreciably to the haemodynamic 
changes after the onset of tachycardia. 


Patients and methods 

PATIENTS 

This study was carried out within the guide- 
lines set down by the National Health and 
Medical Research Council of Australia and was 
approved by the hospital human ethics com- 
mittee. 

We studied 15 male patients (mean age 68-2 
(8 9 years)), who had presented with sponta- 
neous sustained ventricular tachycardia that 
was remote from (> 1 week) acute myocardial 
infarction. All patients had had at least one 
documented myocardial infarction, and seven 
patients had coronary artery disease confirmed 
by coronary angiography. Ventricular tachy- 
cardia was diagnosed by 12 lead electrocar- 
diography recorded at a standard speed 
(25 mm/s) and amplitude (1 mV/cm). Multi- 
channel simultaneous recordings were ob- 
tained in all cases. The electrocardiograms 
were reviewed by two experienced electrocar- 
diographers and the following diagnostic 
criteria for ventricular tachycardia were 
applied in each case: (a) sustained wide QRS 
(>0-12 s) tachycardia (>100 beats/min); (b) 
presence of atrioventricular dissociation; (c) 
typical QRS configuration in V1 and V6 as 
described by Wellens er ai.” 

Ventricular tachycardia was confirmed by 
transoesophageal electrocardiography in two 
patients and by electrophysiology study in 
another seven patients. 

Patients were interviewed and the duration 
of ventricular tachycardia determined. Systolic 
arterial blood pressure was measured indirectly 
by a bladder cuff sphygmomanometer and a 
blood sample was taken after insertion of a 
peripheral intravenous line and before attemp- 
ted reversion. Two subsequent samples were 
taken 30 minutes and 24 hours after reversion 
to sinus rhythm. 

All patients had chronic ischaemic heart 
disease, and left ventricular function was asses- 
sed by radionuclide ventriculography."* In 
addition, M mode echocardiograms were 
recorded by a Diasonics DRF 400 with a 3-5 or 
5 MHz transducer to measure left atrial 
diameter 24 hours after reversion to sinus 
rhythm. Patients were studied in the left 
semilateral position, and recordings were taken 
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from the parasternal long axis view at the level 
of the aortic root.” 

Thirteen patients were receiving conco- 
mitant medication when they were studied. 
This included an antiarrhythmic drug in nine, 
diuretic in six, calcium channel blocker in 
three, angiotensin converting enzyme inhibitor 
in two, and f blocking agent in one patient. 
Finally, renal function was assessed; plasma 
creatinine concentrations were within the nor- 
mal range (0 06-0 12 mmol/l) in all but three 
patients (0-3, 0-15, and 0-14 mmol/l). 


BLOOD COLLECTION AND RADIOIMMUNOASSAY 
OF ATRIAL NATRIURETIC FACTOR IN PLASMA 
Venous blood (10 ml) was obtained via the 
antecubital vein and collected into a chilled 
tube containing EDTA and aprotinin (10 000 
units; Bayer, Australia). Plasma was separated 
immediately by centrifugation, snap frozen, 
and stored at — 20°C until assay. Plasma was 
extracted and atrial natriuretic factor concen- 
tration was determined by radiotummunoassay 
under non-equilibrium conditions at 4°C. The 
method has been previously described in detail 
elsewhere." 


CONCENTRATIONS OF ATRIAL NATRIURETIC 
FACTOR IN CONTROLS 

Atrial natriuretic factor was measured in blood 
samples from 34 normotensive healthy volun- 
teers (14 male, 20 female) with normal dietary 
intake of sodium and normal electrolytes. The 
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upper and lower limits of the normal range 
were 70 pg/ml and 4 pg/ml and no sex depen- 
dent differences were found (men 36 (14) pg/ 
ml, women 33 (16) pg/ml (mean (SD)). 


Results 

The figure shows plasma concentrations of 
atrial natriuretic factor before and after rever- 
sion to sinus rhythm in the 15 patients with 
spontaneous ventricular tachycardia. During 
ventricular tachycardia, all patients had atrial 
natriuretic factor concentrations well above the 
upper limit of normal in this laboratory (70 pg/ 
ml). The table shows that ventricular tachycar- 
dia was reverted to sinus rhythm by brief 
overdrive pacing (usually 5-10 seconds ven- 
tricular pacing at a rate 10-20 beats/min faster 
than the ventricular tachycardia rate) in five 
patients, DC cardioversion after intravenous 
midazolam sedation in four patients, intra- 
venous amiodarone (350 mg) in three patients, 
intravenous lignocaine (100 mg) in two 
patients, and intravenous sotalol (120 mg) in 
one patient. In 13 patients concentrations of 
plasma atrial natriuretic factor fell 30 minutes 
after reversion, but not to within the normal 
range in any patient. In two patients plasma 
atrial natriuretic factor concentrations in- 
creased; one was treated with intravenous 
amiodarone and the other by overdrive ven- 
tricular pacing. The mean concentration of 
plasma atrial natriuretic factor was 745 (376) 
pg/ml before reversion and 452 (240) pg/ml 30 
minutes after reversion (p < 0-03 by Student’s 
paired t test). The fall in concentration of atrial 
natriuretic factor was apparently independent 
of the mode of reversion of ventricular tachy- 
cardia. After 24 hours, the mean concentration 
of plasma atrial natriuretic factor had fallen 
further to 254 (152) pg/ml (p < 0-015) but was 
still raised, and only one patient was within the 
normal range. This contrasts with findings ina 
previous group of 23 patients with supra- 
ventricular tachycardia reported from this 
laboratory.''’ Among this group of patients, 
plasma atrial natriuretic factor concentrations 
fell from a mean of 256 (43) pg/ml during 
supraventricular tachycardia to a mean of 120 
(19) pg/ml within 30 minutes of reversion, with 
levels in five patients falling to within the 
normal range. 


Relation between climecal findings, method(s) of reversion of ventricular tachycardia, and plasma atrial natriuretic factor concentrations 








ANF (pg/ml 

Case EF LAD VT Duration BP aie) 

No SHD Drug (%) (mm) (beats/min) (min) (mm Hg) Reversion During 30 min 24 hours 
1 CAD D/A 31 60 150 120 140 DC 330 263 290 
2 CAD-An D/C 15 45 145 15 135 Am 792 833 500 
3 CAD A 51 50 150 200 90 Pace 475 475 318 
4 CAD — 30 35 190 35 90 Pace 1000 394 150 
5 CAD D/A/Ca 43 29 150 130 140 Pace 567 350 81 
6 CAD B 43 — 160 10 100 Pace 675 439 149 
7 CAD-An A 56 40 200 w 70 DC 723 257 47 
8 CAD A 37 42 120 10 160 Lig 574 375 318 
9 CAD-An AjCa 37 46 150 60 90 Lig 1000 891 270 

10 CAD — 47 41 160 90 140 Pace - 790 270 189 

il CAD D/A/C 15 ez 210 5 120 Am 459 758 223 

12 CAD-An Ci 24 37 180 18 110 Sot 1409 245 236 

13 CAD A 43 45 130 200 100 DC 559 254 350 

14 CAD-An D/A 27 — 200 5 140 Am 236 115 91 

15 CAD D 25 45 170 60 90 DC 1591 810 600 


SHI), structural heart disease; EF, ejection fraction; LAD, left atrial dimension, VT, ventricular tachycardia, BP, systolic arterial blood pressure, ANF, atrial 


natriuretic factor, CAD, coronary 


artery disease; An, left ventricular aneurysm; DC, direct current cardioversion, Am, amiodarone; Pace, overdrive pacing, Lig, 


lignocaine, Sot, sotalol; D, diureuc, A, annarrhythmic drug, C, angiotensin converting enzyme inhibitor, Cå, calcium blocker, f, 8 blocker 
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The duration of spontaneous ventricular 
tachycardia (mean (SD) 69-9 (67) minutes) had 
no apparent effect on plasma atrial natriuretic 
factor concentrations; two patients had raised 
plasma atrial natriuretic factor concentrations 
(236 and 459 pg/ml) with ventricular tachycar- 
dia lasting only five minutes. Similarly, the rate 
of ventricular tachycardia (mean cycle length 
374 (58) ms) did not seem to influence plasma 
atrial natriuretic factor concentrations. 

There seemed to be a weak inverse relation 
between plasma atrial natriuretic factor con- 
centrations during ventricular tachycardia and 
systolic arterial blood pressure, but this was not 
statistically significant (r = — 0-3; p = 0 11 by 
Spearman’s test). 

All patients had chronic ischaemic heart 
disease with a mean left ventricular ejection 
fraction of 34-9 (12:4)%. In 12 patients the 
ejection fraction was <45%, but this 
measurement had no apparent influence on 
plasma atrial natriuretic factor concentrations 
during and 30 minutes after reversion of ven- 
tricular tachycardia. Furthermore, there was 
only a weak non-significant inverse relation 
between the ejection fraction and atrial 
natriuretic factor concentrations measured at 
24 hours after reversion to sinus rhythm (r = 
~ 0-3; p = 0-11). 

Finally, mean left atrial dimension measured 
24 hours after reversion to sinus rhythm by M 
mode echocardiography was 43-8 (7-7) mm; it 
was > 40 mm in eight patients. 


Discussion 

Our results show that patients with spontan- 
eous ventricular tachycardia have considerably 
higher plasma concentrations of atrial natri- 
uretic factor than healthy controls. These 
results are consistent with earlier studies of 
smaller numbers of patients and studies in 
which ventricular tachycardia was induced 
during programmed ventricular stimulation or 
simulated by rapid ventricular pacing.!?'’*"” 
Given that atrial natriuretic factor has natri- 
uretic and diuretic properties that are poten- 
tially beneficial in patients with ventricular 
tachycardia, the increase may account for the 
polyuria that is occasionally reported in these 
patients.”?! Although polyuria was not repor- 
ted by any of our patients, this may be because 
other neurohormonal reflexes were stimulated 
by the decreased cardiac output during ven- 
tricular tachycardia. These include activation 
of the sympathetic and renin-angiotensin- 
aldosterone systems, which would favour 
oliguria.'°” Similarly, the vasodilatory action 
of atrial natriuretic factor may have been 
modified by stimulation of catecholamines and 
vasopressin release during ventricular 
tachycardia.’ 

Plasma concentrations of atrial natriuretic 
factor seem to rise as early as five minutes after 
the onset of ventricular tachycardia and remain 
raised during prolonged periods of tachycardia, 
apparently independently of the severity of 
underlying left ventricular dysfunction or rate 
of ventricular tachycardia. Because atrial 
dimension, pressure and rate were not routin- 
ely measured during ventricular tachycardia, 
we cannot comment on the possible influen- 
ce(s) of these variables on atrial natriuretic 
factor release. Increases in left atrial dimension 
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however, were reported within minutes after 
the onset of induced ventricular tachycardia.'® 
After reversion of ventricular tachycardia, 
plasma concentrations of atrial natriuretic fac- 
tor fell.slowly and were still significantly raised 
24 hours after reversion to sinus rhythm. This 
may be explained by impaired renal clearance 
of atrial natriuretic factor in our patients who 
generally had poor left ventricular function 
with reduced cardiac output. In addition, left 
atrial dimension remained increased in eight 
patients, and continued atrial natriuretic factor 
release might also contribute to high post- 
reversion plasma atrial natriuretic factor con- 
centrations. 

Spontaneous ventricular tachycardia is as- 
sociated with considerably raised concentra- 
tions of plasma atrial natriuretic factor which 
fall slowly and apparently independently of the 
mode of reversion whether this is pharma- 
cological or non-pharmacological. 


NT is supported by a postgraduate research fellowship from the 
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What is meant by a “controlled” ventricular rate 


in atrial fibrillation? 


John M Rawles 


Abstract 
Reduction of a rapid ventricular rate in 
atrial fibrillation results in a longer dias- 
tolic filling period and a higher left ven- 
tricular stroke volume but this is offset by 
reduced contractility and fewer beats per 
minute; the net effect on cardiac output is 
uncertain. Sequences of stroke distances 
were measured by Doppler ultrasound in 
60 resting patients with atrial fibrillation 
to determine the relation between ven- 
tricular rate and linear cardiac output. 
The slope of the cardiac output/ven- 
tricular rate relation was positive in all 20 
patients with a ventricular rate < 90 beats 
per minute and negative in 16 (40%) of 40 
patients with a ventricular rate > 90 beats 
per minute. In atrial fibrillation the 
ventricular rate can be regarded as 
“controlled” when the cardiac output) 
ventricular rate slope is positive and 
“uncontrolled” when the slope is 
negative—that is when reduction of 
ventricular rate would lead to increased 
cardiac output. As so defined, ventricular 
rate at rest was controlled in every patient 
when the ventricular rate was < 90, con- 
trolled in 44 (73%) patients when the 
ventricular rate was 90-140 beats per 
minute, and uncontrolled in every case 
when it was > 140 beats per minute. 
Achieving a target ventricular rate of 90 
beats per minute in patients with atrial 
fibrillation at rest would result in control 
with the least compromise of cardiac 
output. 


Reduction of a rapid ventricular rate in atrial 
fibrillation increases the diastolic filling period 
and left ventricular stroke volume,'? but this is 
offset by reduced contractility and fewer beats 
per minute. The net effect on cardiac output is 
uncertain. A standard textbook recommends 
maintaining the ventricular rate at 50-90 beats 
per minute at rest and 90-115 beats per minute 
during exercise,’ with the implicit intention of 
maximising cardiac output. None the less, the 
ventricular rate at which cardiac output in 
atrial fibrillation is maximal is not known nor is 
the extent of individual variation. 

The objectives of this study in patients with 
atrial fibrillation were to develop a method of 
predicting the effect of a change of ventricular 
rate on cardiac output, to determine the ven- 
tricular rate for maximal cardiac output, and to 
find the extent of the variation between 
individuals. The concept of “control” of the 


ventricular rate in atrial fibrillation was re- 
examined in the hght of these findings. The 
intention here 18 not to apply the method to 
individual patients but to see what general 
conclusions can be drawn about the relation 
between ventricular rate and cardiac output in 
atrial fibrillation. 

In atrial fibrillation there 1s spontaneous beat 
to beat variation of ventricular rate around the 
mean value: analysis of the effect of these 
changes on stroke output makes it possible to 
estimate the effect of a change in mean ven- 
tricular rate on cardiac output. Once the rela- 
tion between previous RR intervals and stroke 
output 1s obtained ıt can be transformed to give 
the relation between ventricular rate and car- 
diac output. 

Most of the beat to beat variation of stroke 
output can be explained in terms of the two 
previous RR intervals used in a quadratic 
polynomial equation.‘ Adjustment of each 
patient’s unique equation enables the ven- 
tricular rate at which cardiac output 13s maximal 
to be estimated together with the slope of the 
cardiac output/heart rate relation. Only if the 
slope is negative will a reduction of ventricular 
rate lead to an increase of cardiac output. 


Patients and methods 
I studied 60 patients (24 women and 36 men, 
mean age 68, mean ventricular rate 103 beats 
per minute) with chronic atrial fibrillation, who 
were derived from a consecutive series of 70. In 
10 recordings were unreadable in parts. Atrial 
fibrillation was idiopathic in 26 and in the 
remainder it was caused by mitral valve disease 
(13), ischaemic heart disease and/or hyper- 
tension (19), thyrotoxicosis (one), and pulmon- 
ary embolism (one). Twenty six patients were 
treated with digoxin, four with amiodarone, 
and one with a f blocker. Twenty nine patients 
were not treated with antiarrhythmic agents. 
In each patient aortic blood flow was 
measured by continuous wave ultrasound 
directed at the arch of the aorta from a trans- 
ducer held in the suprasternal notch.> The 
Doppler shift frequencies were subjected to 
spectral analysis and displayed in real time on a 
paper trace on which a single lead of the 
electrocardiogram was co-recorded at a paper 
speed of 50 mm/s. The stroke distance (systolic 
velocity integral) of each beat was measured by 
triangulation or planimetry and the sequence of 
RR intervals and stroke distances was recorded 
on disc. The mean number of beats studied was 
215 (range 100-500). For each patient multiple 
regression analysis of stroke distance against 
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the two previous RR intervals was carried out 
according to the equation: 
Sd=a + b(RR-1) + c(RR-1 — 750¥ + 
d(RR-2) + e(RR-2 — 7507 

where Sd is stroke distance, RR-1 the previous 
RR interval, RR-2 the pre-previous RR 
interval, and a to e are coefficients. The deriva- 
tion of this mathematical model has been fully 
described.‘ 

Rearrangement of this equation gives the 
relation between heart rate and minute distance 
(minute distance=stroke distance x heart 
rate), from which the predicted heart rate at 
which minute distance would be expected to be 
maximal was obtained, together with the slope 
of the minute distance/heart rate curve at the 
point of mean heart rate. The slope was ex- 
pressed as minute distance (as a percentage of 
the age predicted normal value)/(beats per 
minute). 

The result of the computer analysis was 
available within a few minutes of taking the 
ultrasound recording at the patient’s bedside. 


Results 

MEAN STROKE AND MINUTE DISTANCE 

For the whole group of 60 patients with atrial 
fibrillation mean stroke distance was 64% and 
mean minute distance 85% of the age adjusted 
normal values for sinus rhythm*—a highly 
significant reduction in each case (p < 0-001). 
Minute distance was reduced less than stroke 
distance because ventricular rate was above 
normal. The mean value of the multiple 
correlation coefficient, relating stroke distance 
to RR intervals in each individual, was 0-82 
(range 0-68-0-94). 


RELATION BETWEEN SLOPE OF MINUTE DISTANCE/ 
HEART RATE CURVE AND VENTRICULAR RATE 

Figure 1 shows the relation between the slope 
of the minute distance/heart rate curve and 
ventricular rate. For lower heart rates the slope 
was positive and for higher rates it was 
negative; the regression line intercepted the 
line of slope zero, corresponding to maximal 
cardiac output, at a heart rate of 122 per 
minute. On average, reduction of heart rate 
below this rate will reduce minute distance; 
above this rate minute distance will be 
increased, but there is wide individual varia- 
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Figure 1 Plot of the slope of the manute distance] 
ventricular rate curve and mean ventricular rate in 
patients with atrial fibrillation. The regression line crosses 
the line of slope zero at a ventricular rate of 122. 
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Figure 2 Plot of mean ventricular rate and predicted 
ventricular rate for maximal minute distance. The line of 
identity is shown. 


tion. The average slope for the seven patients 
with ventricular rates of more than 140 per 
minute is —0-65, indicating an increase of 
minute distance of 6-5% of the age-predicted 
normal value for a reduction of ventricular rate 
of 10 beats per minute. 


PREDICTED VENTRICULAR RATE FOR MAXIMAL 
MINUTE DISTANCE 

The group mean (SD) ventricular rate was 103 
(26-6) beats per minute (range 49-161 beats per 
minute). The mean predicted ventricular rate 
for maximal minute distance, derived from the 
multiple regression equations, was 122 (28-8) 
(range 60-200 beats) per minute. Figure 2 
shows a plot of ventricular rate and predicted 
ventricular rate for maximal minute distance. 
In 44 (73°) cases the predicted ventricular rate 
for maximal minute distance was more than the 
measured ventricular rate (above the line of 
identity in fig 2) but in 16 (27%) it was lower 
(below the line of identity in fig 2). All 16 
patients with a ventricular rate above that 
predicted for maximal minute distance had a 
ventricular rate over 90 beats per minute. In 
none of the 20 patients with a ventricular rate 
<90 did the ventricular rate exceed the predic- 
ted ventricular rate for maximal minute dis- 
tance. In all seven patients with a ventricular 
rate of > 140 the ventricular rate exceeded that 
predicted for maximal cardiac output, and the 
slope of the minute distance/ventricular rate 
curve was therefore negative. 

Figure 3 shows the cumulative total of 
patients with various ventricular rates and the 
number of patients whose ventricular rates 
exceeded that predicted for maximal output— 
that is those whose minute distance/ventricular 
rate slopes were positive (“‘controlled’’). 


EFFECT OF IRREGULARITY ITSELF ON MINUTE 
DISTANCE 

The multiple regression equation was obtained 
by analysis of the beat to beat changes of stroke 
distance resulting from a sequence of RR 
intervals of varying duration. If the value of the 
mean RR interval for the sequence is sub- 
stituted in the multiple regression equation 
then stroke distance, and hence minute dis- 
tance, is calculated for the circumstances in 
which all RR intervals have an identical dura- 
tion. The difference between this value and 
measured minute distance for the sequence is 
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Figure 3 Cumulative totals of all patients and those 
with “controlled” atrial fibrillation at various 
ventricular rates. 


an indication of the effect of irregularity itself 
on minute distance. For the whole group, 
measured minute distance (SD) was 96 (3:2%) 
of the calculated value, indicating that 
irregularity of ventricular rate results in an 
average fall of minute distance of 4%. 

There were no distinctive differences in the 


multiple correlation coefficients, minute dis- 


tance, or predicted ventricular rate for maximal 
cardiac output between different aetiological 
groups or treatments. 


Discussion 

I measured linear cardiac output non- 
invasively using Doppler ultrasound. The 
basic measurement is the systolic velocity 
integral of aortic blood flow or stroke distance; 
the product of stroke distance and ventricular 
rate is minute distance. Stroke and minute 
distance are linear analogues of stroke volume 
and volumetric cardiac output respectively.® 

Beat to beat changes of stroke distance can be 
described mathematically in terms of the two 
previous RR intervals in this group of patients 
with atrial fibrillation.‘ In every patient there 
was a positive relation between stroke distance 
and the previous RR interval (RR-1) which was 
thought to reflect predominantly the diastolic 
filling of the left ventricle. In all but one patient 
there was a negative relation with the pre- 
previous RR interval (RR-2) that was 
attributed to augmentation of contractility by 
the force-frequency effect of the shorter RR 
intervals. Change in the mean duration of RR 
interval will affect stroke distance not only 
through diastolic filling of the left ventricle but 
also by affecting contractility. 

Because the mathematical model is based on 
the physiological principles underlying left 
ventricular function it can be applied to any 
case of atrial fibrillation, whatever the ven- 
tricular rate, however long the arrhythmia has 
been present, and however it is caused. 
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EFFECT OF VENTRICULAR RATE ON CARDIAC 
OUTPUT 

Analysis of the beat to beat changes in stroke 
distance in patients with atrial fibrillation is 
used to predict the ventricular rate for maximal 
cardiac output. This is done by summation of 
the independent effects of the two previous RR 
intervals on strake distance to derive the effect 
of alteration of the mean RR interval on stroke 
distance, and hence to predict how mean ven- 
tricular rate would influence linear cardiac 
output. The most reliable section of the minute 
distance/ventricular rate curve is in the region 
of the mean ventricular rate where the slope of 
the curve (that is, whether it is negative or 
positive) determines the answer to the clinically 
important question, “If the ventricular rate is 
reduced will cardiac output rise or fall?” 

The slope of the minute distance/ventricular 
rate curve was always positive for ventricular 
rates below 90 beats per minute, and as a 
corollary the predicted ventricular rate for 
maximum minute distance was always greater 
than the actual ventricular rate. Conversely, 
the slope was always negative for ventricular 
rates above 140 beats per minute, when the 
predicted ventricular rate for maximum minute 
distance was lower than the measured ven- 
tricular rate. The regression line of slope 
against ventricular rate passed through zero ata 
ventricular rate of 122 beats per minute, 
indicating that on average this was the ven- 
tricular rate at which minute distance was 
maximal (fig 1). The mean predicted value of 
ventricular rate for maximum cardiac output 
was also 122 beats per minute. In atrial fibrilla- 
tion with various causes the average predicted 
ventricular rate for maximal cardiac output at 
rest is therefore about 120 beats per minute, 
with a wide individual variation ranging from 
60 to 200 beats per minute. There were no 
distinctive differences in the shape, position, or 
fit of the curve relating ventricular rate to linear 
cardiac output between different aetiological or 
treatment groups. 

All of 16 patients whose ventricular rate 
exceeded that predicted for maximal cardiac 
output had a resting ventricular rate greater 
than 90 beats per minute. Patients with a 
ventricular rate in excess of that predicted for 
maximal cardiac output accounted for 40% of 
those with a ventricular rate over 90, 58% of 
patients with a ventricular rate over 110, 80% 
of those with a ventricular rate over 130, and all 
those with a ventricular rate over 140 beats per 
minute. 


EFFECT OF IRREGULARITY ITSELF ON CARDIAC 
OUTPUT 

If the mean RR interval for each patient is 
substituted into the multiple regression equa- 
tion it is possible to calculate the value of 
minute distance when the mean ventricular rate 
is identical with that measured, but the rhythm 
is regular with all RR intervals being of equal 
duration. The difference between minute dis- 
tance calculated in this way and measured 
directly is an indication of the effect on minute 
distance of irregularity of rate itself. On 
average, measured minute distance was 4% less 
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than calculated minute distance, suggesting 
that irregularity of heart rate by itself is not an 
important cause of reduced cardiac output in 
atrial fibrillation. The effect of irregularity on 
cardiac output is determined by the symmetry 
and shape of the minute distance/heart rate 
graph and on the frequency distribution of 
beats with stroke distance above and below 
average. 


COMPARISON OF ATRIAL FIBRILLATION AND SINUS 
RHYTHM 

Atrial fibrillation reduces stroke volume by a 
loss of atrial contraction, but an increased 
ventricular rate partially compensates for this 
and the reduction of cardiac output caused by 
the arrhythmia is estimated to be 20-30% .”* In 
the present series, stroke and minute distance 
were reduced by 36% and 15% respectively, 
and the mean ventricular rate at 103 beats per 
minute was 48% higher than the normal values 
for sinus rhythm predicted by age.’ The 
tachycardia of atrial fibrillation is therefore 
usually a beneficial phenomenon partially 
counteracting an even greater fall of cardiac 
output that would otherwise occur, except in 
those patients in whom the actual ventricular 
rate exceeds the rate for maximal output. 

In our patients with atrial fibrillation, who 
had a mean ventricular rate of 103, the mean 
minute distance was 85% of the age-adjusted 
normal value for patients in sinus rhythm, but 
if ventricular rate had been reduced to the 
normal resting value of 70 the estimated minute 
distance would have been only about 70% of 
normal. 


WHAT IS MEANT BY “‘CONTROL”’ OF VENTRICULAR 
RATE? 

When it is applied to the ventricular rate in 
atrial fibrillation the term “controlled” is gen- 
erally used loosely to mean “not excessive”. 
Few define precisely what is meant by a 
controlled rate but Bigger specified 50—90 beats 
per minute,’ while Storstein suggested an even 
narrower range of 60-80 beats per minute’; 
both referred to patients at rest. The mid point 
of both these ranges is 70, the accepted normal 
rate in sinus rhythm. However, in sinus rhythm 
the contribution made to stroke volume by 
atrial contraction is estimated to be 20-50%, 
depending on left ventricular compliance and 
other aspects of left ventricular function.” " In 
atrial fibrillation, therefore, the ventricular rate 
needs to be 20-50% higher than in sinus 
rhythm to maintain a normal cardiac output. 
The recommendation of a target ventricular 
rate of 70 in atrial fibrillation seems to dis- 
regard completely the haemodynamic con- 
sequences of the arrhythmia. 

The prediction of the effect of ventricular 
rate on cardiac output described in this paper is 
derived from analysis of recordings made from 
patients with atrial fibrillation at rest. The 
results should not be extrapolated to exercise, 
in which—as well as a change of heart rate— 
there may be alterations of posture, venous 
return, blood pressure, cardiac contractility, 
and autonomic tone. The heart rate for max- 
imal cardiac output during exercise therefore 
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differs from that at rest. In sinus rhythm rates 
of up to 180 beats per minute are achieved 
during exercise, and it seems likely that rates at 
least as great as this may be required in atrial 
fibrillation to maximise cardiac output. 

Some workers use the term “control” to 
mean avoidance of excessive ventricular rates 
during exercise. Thus David et al reported a 
mean ventricular rate of 139 beats per minute 
during exercise in patients with therapeutic 
concentrations of serum digoxin; they wrote 
that ‘‘digitalis alone is ineffective in controlling 
the heart rate during exercise in many patients 
with chronic atrial fibrillation”.'* Beasley et al 
compared ventricular rates in patients with 
atrial fibrillation and serum concentrations of 
digoxin > 1-6 ng/l with those in controls in 
sinus rhythm,” At rest and at three levels of 
exercise ventricular rates were 72, 105, 118, 130 
in sinus rhythm and 79, 135, 162, and 184 in 
atrial fibrillation. They considered that in atrial 
fibrillation the heart rate during exercise was 
inappropriately high and pointed out that it is 
not predictable from a knowledge of the resting 
value. The ventricular rate could therefore be 
“controlled” at rest but “uncontrolled” during 
exercise, 

Channer et al conducted a randomised 
crossover trial of additional digoxin or 
verapamil in 14 patients with atrial fibrillation 
who were already taking digoxin.“ Although 
the additonal treatment resulted in lower max- 
imal heart rates, the distance walked in 6 
minutes was unchanged. Lewis et al gave single 
doses of digoxin, verapamil, and diltiazem, 
alone and in combination, to six patients with 
chronic atrial fibrillation.” Immediately after 
exercise lower heart rates were seen with the 
combination of digoxin and calcium antagon- 
ists than with digoxin alone or with placebo. 
Reduction of the ventricular rate during exer- 
cise was associated with a small increase of 
stroke volume but the benefits of this were 
offset by a rate related reduction in cardiac 
output. The highest mean cardiac output was 
after digoxin alone when the mean ventricular 
rate was 159 beats per minute. Mean walking 
distances were not significantly different after 
any of the treatments. 

These data indicate that exercise tolerance 1s 
not increased by reduction of ventricular rate. 
During exercise and at rest a higher ventricular 
rate is required ın atrial fibrillation than in 
sinus rhythm to maintain cardiac output in the 
face of the loss of the atrial contribution to 
stroke output. 


A NEW CONCEPT OF CONTROL OF THE VEN- 
TRICULAR RATE IN ATRIAL FIBRILLATION 
In atrial fibrillation it may be necessary to 
reduce a rapid ventricular rate for the greater 
comfort of the patient, or, if mitral stenosis is 
present, to reduce left atrial pressure and 
relieve pulmonary oedema. However, in the 
management of atrial fibrillation the effect that 
a reduction of rate will have on cardiac output 
should be considered: ventricular rate should 
not be reduced arbitrarily irrespective of its 
effect on cardiac output or exercise tolerance. 

I have described a method that for patients at 
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rest provides an answer to the question posed 
earlier: “If the ventricular rate in atrial fibrilla~ 
tion is reduced will cardiac output rise or fall?” 
In principle the method could be applied to 
patients during exercise, but with existing 
equipment the quality of the recordings would 
be inadequate for accurate interpretation. Even 
at rest continuous records of sufficiently good 
quality could not be obtained in some 
individuals. The reliability of individual 
predictions will be the subject of further 
reports, but from this study on 60 resting 
patients with atrial fibrillation some general 
observations can be made. 

A “controlled” ventricular rate in atrial 
fibrillation can be regarded as a rate below that 
predicted for maximal cardiac output—that is 
when the slope of the cardiac output/ven- 
tricular rate curve is positive and a reduction of 
rate would lead to a reduction of output. When 
ventricular rate is “controlled” the circulatory 
reflexes may adjust the rate according to cir- 
culatory needs. Conversely, an “uncontrolled” 
ventricular rate is above that predicted for 
maximal cardiac output and reduction of rate 
would lead to increased output; reflex activity 
would tend to exacerbate the tachycardia. As so 
defined, ventricular rate was always controlled 
at < 90 beats per minute, always uncontrolled 
at > 140 beats per minute, and uncontrolled in 
27% of patients with ventricular rates between 
90 and 140. 

In atrial fibrillation, a target ventricular rate 
of 90 beats per minute at rest would be within 
the range where it can be adjusted by the 
cardioregulatory reflexes, and cardiac output 
would be least compromised. During exercise 
the heart rate that results in maximal cardiac 
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output 1s likely to be greater than the target rate 
of 90-115 that has been recommended.’ 


I thank Professor M J R Healy for many helpful comments on 
the derivation of the mathematical model and on an earlier draft 


of the paper. 
I thank the Grampian Health Board for a research grant. 
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Range of atrioventricular conduction disturbances 
in Lyme borreliosis: a report of four cases and 
review of other published reports 
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Jacomina A A Hoogkamp-Korstanje, Jacob J de Graaf, D Albertus Piers, 


Albert van der Galién, Kong I Lie 


Abstract 

Four patients with Lyme borreliosis had 
atrioventricular conduction disturb- 
ances. All four were positive for specific 
antibodies against Borrelia burgdorferi 
measured by indirect immunofluores- 
cence tests. Biopsy specimens, which were 
obtained in three patients, showed band- 
like infiltrates of plasma cells and lym- 
phocytes in the endocardium. There was 
diffuse infiltration of the interstitium of 
the myocardium by lymphocytes, plasma 
cells, and macrophages. In two patients 
single fibre necrosis was seen in the myo- 
cardium. Biopsy specimens of the heart 
showed spirochetes in all three patients 
and serial sections stained by the Bosma- 
Steiner technique showed that they 
resembled Borrelia burgdorferi. At 
follow up one patient had persistent com- 
plete atrioventricular block, despite 
treatment with antibiotics and cortico- 
steroid, and a permanent pacemaker was 
implanted. 


Lyme borreliosis was first described by Steere 
et al in 1976. The disease is caused by the 
spirochete Borrelia burgdorfert’ which is trans- 
mitted by tick or flea bites and it can affect the 
skin, joints, nervous system, and the heart.** 
The disease is found throughout the world but 
it is especially prevalent in wooded areas of 
Europe and North America.® Lyme borreliosis 
occurs in three stages with different clinical 
manifestations.*”’ In the second stage the heart 
can be affected, causing atrioventricular block, 
rhythm disturbances, heart failure, acute 
myopericarditis, and pancarditis. Cardiac 
manifestations in Lyme borreliosis were repor- 
ted in 8% of North American patients.? In 
Europe, however, the frequency of Lyme car- 
ditis is not well established yet. 

We describe four patients with Lyme 
borreliosis in whom atrioventricular conduc- 
tion disturbances caused the main symptoms. 
They were studied in 1987 and 1988. 


Patients and methods 

PATIENT 1 

A 40 year old athlete was admitted with com- 
plete atrioventricular block of unknown origin 
and a 2 day history of recurrent dizziness and 
near collapse. For 3 weeks he had had pain and 


stiffness in four toes of his right foot. He could 
not recall a tick bite. At physical examination 
there were no abnormalities, except for a first 
heart sound of variable intensity and warm, 
red, and painful toes. The surface electro- 
cardiogram showed a complete atrioventricular 
block with an escape rhythm of 37 per min and 
a QRS configuration suggesting a focus in the 
left bundle branch. The P wave configuration 
was abnormal and the P wave was long. Despite 
treatment with atropine and isoprenaline he 
had recurrent periods of ventricular standstill 
lasting up to 10 seconds. The erythrocyte 
sedimentation rate was 22 mm in one hour. 
Chest radiographs and the echocardiogram 
were normal. A gallium-67 scan showed diffuse 
uptake in the myocardium (fig lac). 
Serological tests for Borrelia burgdorferi were 
positive for IgM and weakly positive for IgG 
(table). Tests for Chlamydia and cytomegalo- 
virus were weakly positive but the titre did not 
increase. Serological markers for other micro- 
organisms and diseases were all negative, 
including the Treponema pallidum haemag- 
glutination assay, streptococcal antibody tests, 
tests for several viruses (coxsackievirus, 
echovirus, adenovirus, influenza A, hepatitis 
B), rheumatoid factor, and antinuclear anti- 
bodies. After giving informed consent, the 
patient underwent endomyocardial biopsy and 
serial electrophysiological studies. 


PATIENT 2 

A 23 year old previously healthy woman was 
admitted because of a tonic-clonic seizure with 
collapse, diagnosed as a grand mal epileptic 
seizure. She could not recall a tick bite. 
Physical examination showed no abnormalities 
except a first heart sound of variable intensity. 
The electroencephalogram and computed 
tomogram of the brain were normal. A surface 
electrocardiogram showed complete atrioven- 
tricular block with a ventricular escape rhythm 
of 40 per minute and giant T wave inversion 
(figure 2). Routine laboratory tests, chest 
radiographs, and the echocardiogram were 
normal. Serological tests were positive for 
Borrelia burgdorfer: (table) and negative for 
other micro-organisms. After informed con- 
sent was obtained, we performed an electro- 
physiological study and took endomyocardial 
biopsy specimens. 


PATIENT 3 
This 30 year old man had removed ticks from 
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Figure 1 Scan of patient 
1 48 hours after 
intravenous injection of 
100 MBq gallium-67. 

(a) anterior, (b) left 
lateral, and (c) posterior 
views showing increased 
uptake tn the cardiac wall. 





both knees, dizziness and fatigue on exertion, 
and a pulse rate of 36 beats/min. An electrocar- 
diogram showed a complete atrioventricular 
block with a junctional escape focus of 38 beats/ 
min. A 24 hour Holter recording showed first 
degree, second degree, and advanced atrioven- 
tricular block, with rapid transitions from one 
type of block to the other. The longest RR 
interval was 2-8 seconds. At admission sero- 
logical tests for Borrelia burgdorferi were 
positive for both IgM and IgG (table). Routine 
laboratory tests and chest x ray were normal. 
An echocardiogram showed slight hypokinesis 
of the most proximal part of the intraventri- 
cular septum, but the gallium scan did not 
confirm the suspicion of inflammation (the 
gallium scan showed no uptake). After the 
patient gave informed consent, we performed 
` an electrophysiological study and took 
his cat but did not recall a tick bite. In the next endomyocardial biopsy specimens. 

three weeks he felt ill, had abdominal pain, and 

discovered a red spot (10 cm wide) on the right PATIENT 4 

side of his face, which resembled erythema A 34 year old previously healthy male nurse 
migrans and disappeared spontaneously after6 had arthritis of one toe of his right foot for three 
days. Since then he had slight fever, pain in weeks. Thereafter he noticed palpitation, with- 





Data on the four patients with Lyme borreliosis 








Blectro- p 
phynological Endomyocardial 
Re- conduction biopsy specimen 
IFA called Neuro- AV block Rhythm Echo- disturbance tet 
Pa- ———-————_ nck Arth- logical ~——~——_ distur- cardto- Chest 9 -—~~—-~——-—_ Inflam- Spiro- Treat- 
nent IgM IgG bite  E(C)M nns iliness 1° 2 3° bance HF/P gram xray I-A AH HV mation ment Course 
1 1:1284) 1:64(4) — - + - + + + - ~- N N top o t + Tetracycl- Complete 
ine, resolution 
penicillin, 
temporary 
2 11&—) 1.128(4+) —- - = - E E: oe - N N a a = + icillin, Persisting 
ceftriaxo- complete 
ne, AV block 
carticoste- 
roids, 
f implantat- 
3 LSI +)1:128+)-— + ~ - + + to - - A N a a aes + Penicillin Complete 
resolution 
4 1.256(+) 1-256(+) — ~ + >= +++ =- ~ N N Penicillin Spontane- 
ous 
complete 
resolution 





TFA, immunofluorescence assay; E(C)M = erythema (chronicum) migrans; AV block, atnoventricular block; HF/P, heart failure/pericarditis; I-A, intre-atrlal; 
+, positive/present; +, weakly positive; —negauve/absent; A, abnormal, N, normal. > ; [P : Š 

Antibody ntres of Borreba burgdorferi determined with indirect immunofluorescence assay; positive titre for IgM antibodies > 1:64 and for IgG antibodies > 1:128 
(Laboratory for Public Health, Department of Pathology and Microbiology, Leeuwarden, The Netherlands). 
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Figure 2 
Electrocardiogram of 
patient 2 on admssnon 
showing complete 
atrioventricular block and 
giant negative T waves m 
leads V2 and I, I1, V6 
(QT, 474 ms). 
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out dizziness or other complaints. The surface 
electrocardiogram showed atrioventricular 
Wenckebach block. Holter monitoring showed 
short periods of complete atrioventricular 
block, Wenckebach block, and first degree 
atrioventricular block (PQ interval 360 ms) 
with rapid transition from one type to another. 
The patient was admitted for further investiga- 
tion. Physical examination showed only slight 
signs of arthritis of the right toe. Routine 
laboratory tests, the chest x ray, and echo- 
cardiogram were normal. At admission the 
surface electrocardiogram had reverted to nor- 
mal and further monitoring did not show any 
rhythm abnormalities. Therefore an electro- 
physiological study was not performed nor 
were biopsy specimens taken. Serological tests 
showed clear evidence of Borrelia burgdorferi 
antibodies (table) and all other serological tests 
were normal. 





ELECTROPHYSIOLOGICAL STUDIES 
We studied patients in the postabgorptive state 
with 4F bipolar (Cordis) catheter electrodes 
designed to record His bundle potentials. After 
positioning of the catheter across the tricuspid 
valve under fluoroscopic guidance we mapped 
the His bundle region to characterise the con- 
duction of the atrioventricular node and His 
bundle and determine the site of the block. In 
addition, we placed two quadripolar (USCD 
catheter electrodes, one in the high right atrium 
and one in the right ventricular apex. Signals 
were directly recorded with a Gould ES 1000 
recorder, paper speed at 100 mm/s. Program- 
med electrical stimulation in the right ven- 
tricular apex was performed with only one 
extrastimulus. Overdrive suppression of the 
escape focus was always interrupted by back up 
pacing after 3 seconds. 
Endomyocardial biopsy specimens were taken 
at the same session through the right jugular 
vein with a 7F Cordis bioptome. The 
specimens were fixed in formalin and embed- 
ded in paraffin. Serial sections were cut and 
every fifth section was stained by a routine 
technique. All other slices were stained with a 
modified silver stain to screen the sections for 
micro-organisms. 


Results 

We performed electrocardiographic follow up 
studies on all patients and electrophysiological 
and endomyocardial biopsies in three of the 
four patients. 
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Figure 3 Electrophysiological recordings showing (a) complete atrioventricular block in patient 1 with no His bundle activity (P wave duranon 
120 ms, QRS duration 130 ms), (b) first degree atrioventricular vlock (PR tnterval 280 ms) and a small Posies -negative His bundle spike in 


patient 1 (AH interval 155 ms, HV interval 45 ms, P wave duration 100 ms, QRS duration 100 ms) Electrophyso 


recordings (c) in patient 2 


showing complete atrioventricular block and (only positive) His bundle activity (AH mterval 85 ms). A, atrial actwity; H, His spike; HBE, His 
bundle electrocardiogram; RV A, right ventricular apex; V, ventricular activity. 
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Figure 4 

Endomyocardial lyopsy 
specimen from patient 1. 
(a) Showing diffuse 
interstitial tnfiltrates of ~ 
lymphocytes, plasma cells, 
and some macrophages in 
the mryocardium (orginal 
magnification, X 250, 
haematoxylin and eosin). 
(b) A black-starned 
sptrochete between the 
muscle fibres (original 
magnification, X 1250, 
Bosma~ Steiner staining) 
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PATIENT ! 
Patient 1 underwent serial electrophysiological 
investigations. The first electrophysiological 
study, performed in the acute phase with 
complete atrioventricular block, showed no His 
bundle activity despite extensive mapping of 
the His bundle region with several types of 
catheter electrodes. The QRS configuration 
and duration (130 ms) were compatible with an 
(unstable) escape focus in the left bundle 
branch. Additionally, the abnormal P wave 
configuration and duration of 120 ms sugges- 
ted a prolonged intra-atrial conduction time 
(figure 3a). There was no retrograde ven- 
triculoatrial conduction, either spontaneous or 
during ventricular pacing. No ventricular or 
supraventricular tachycardias were induced. 
The finding of a diffuse lymphoplasmacytic 
infiltrate and scattered macrophages in the 


_ myocardium accorded with the gallium-67 


scan. A few small infiltrates were found around 
single myocytes that showed early stages of 
necrosis. In the oedematous endocardial region 
plasma cells and lymphocytes formed infil- 
trates of varying thickness, Vascular alterations 
were not demonstrable. A few spirochetes were 
seen between the muscle fibres (figure 4).!' In 
combination with the serological results this 
indicated Lyme carditis. 

A temporary pacemaker was inserted and the 
patient was treated with oral tetracycline 
(500 mg four times a day); after 5 days this was 
changed to intravenous penicillin (4 million IU 
four times a day for 14 days). Between the 6th 
and 10th days after admission the disturbances 
of atrioventricular conduction resolved to a 
second and later to a first degree atrioven- 
tricular block on the surface electrocardiogram. 
The electrophysiological study was repeated in 
the recovery phase. His bundle activity was 
now easily found, the intra-atrial conduction 
delay had disappeared, and the duration of the 
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QRS complex was normal. The AH interval 
was slightly prolonged, but the HV interval was 
normal (figure 3b). 

After three weeks of antibiotic treatment the 
patient was discharged with a normal surface 
electrocardiogram and minor residual com- 
plaints of arthritis. 


PATIENT 2 

Electrophysiological study showed a small 
positive His bundle deflection without a 
negative deflection at all sites mapped in the 
His bundle region. The AH interval was nor- 
mal, but there was no relation between His 
bundle activity and QRS complexes (figure 3c). 
There was no retrograde ventriculoatrial con- 
duction. No ventricular or supraventricular 
tachycardias were induced. The myocardial 
biopsy specimens showed small diffuse focal 
infiltrates of plasma cells and lymphocytes 
mixed with some macrophages as is seen in 
other affected organs in the second stage of 
Lyme borreliosis. Typical band-like infiltrates 
of plasma cells and lymphocytes were seen in 
the endocardium. Single muscle fibre degen- 
eration was found in association with small 
infiltrates of mononuclear cells. Spirochetes 
were demonstrable in the interstitium by the 
Bosma-Steiner silver stain.'°'' The patient was 
treated with intramuscular penicillin (5 million 
IU three times a day) for 14 days. Six weeks 
later a 48 hour Holter scan showed persistent 
complete atrioventricular block with a ven- 
tricular escape rhythm of 32 beats/min. At a 
bicycle exercise test there was too small an 
increase in the patient’s ventricular escape 
rhythm for her to attain a normal performance 
for her age. 

Repeated serological tests for Borrelia burg- 
dorfert were positive for IgG. Subsequently 
she was treated with intravenous ceftriaxone 
(2 g a day for 10 days) and oral prednisolone 
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(40 mg/day in two doses, tapering by 10 mg/ 
week). After another seven weeks the surface 
electrocardiogram showed persistence of the 
complete atrioventricular block and a rate 
responsive pacemaker was inserted. 


PATIENT 3 

Electrophysiological study showed a first 
degree atrioventricular block with an AH 
interval of 340 ms and a HV interval of 45 ms at 
a heart rate of 92 min. There was a large 
biphasic His spike. The PQ interval was 
400 ms and the QRS interval 110 ms. There 
was a prolonged Wenckebach cycle length of 
570 ms. No retrograde ventriculoatrial con- 
duction was found. No ventricular or supra- 
ventricular tachycardias were induced. 

The endomyocardial biopsy specimens 
showed subendocardial and diffuse interstitial 
myocardial infiltrates of plasma cells and their 
precursors. In this patient necrosis of myocytes 
was not detectable. Few spirochetes were 
found in the interstitium between the muscular 
fibres. 

The patient was treated with intravenous 
penicillin (5 million TU four times a day) for 10 
days. At first he showed first degree atrioven- 
tricular block with rapid transition to complete 
atrioventricular block, but after 8 days of 
antibiotic treatment only first degree atrioven- 
tricular block was seen (PQ interval decreased 
to 280 ms). After 10 days the patient was 
discharged without any complaints. One week 
after the end of antibiotic treatment the surface 
electrocardiogram was completely normal. 


PATIENT 4 

This patient was treated with intravenous 
penicillin (4 million IU four times a day) for 10 
days. Eighteen months later he was well and the 
conduction disturbances did not recur. 


Discussion 
The clinical expression of Lyme borreliosis is 


highly variable.** The most common and | 


clinically most troublesome cardiac manifesta- 
tion is atrioventricular block.°*'** Among 
patients with atrioventricular conduction dis- 
turbances caused by Lyme borreliosis 98% 
show first degree atrioventricular block, 40% 
Wenckebach periodicity, 50% complete 
atrioventricular block, and about 38% require 
a temporary pacemaker. Up to 65% of these 
patients show ST segment depression or T 
wave inversion, depressed left ventricular ejec- 
tion fraction, or cardiomegaly and pericarditis.‘ 
Supraventricular arrhythmias such as atrial 
fibrillation occur occasionally and one patient 
can have atrioventricular block of several 
degrees. Occasionally the degree of atrioven- 
tricular block varies within minutes.” 
According to some the risk of complete 
atrioventricular block is much higher when the 
PR interval is > 300 ms.’ ” 

The differential diagnosis of the causes of 
atrioventricular block includes other infections 
such as Treponema pallidum infection, diph- 
theria, Yersinia enterocolitica infection, virus 
infection (coxsackie A and B, echovirus type 6 


and 8, adenovirus type 3, influenza A, hepatitis 
B, Epstein-Barr, mumps, poliomyelitis, vari- 
cella), toxoplasmosis, Chagas’s disease, and 
rickettsial infections. Non-infectious causes of 
atrioventricular block are coronary artery dis- 
ease, intracardiac operation, medication in- | 
duced atrioventricular block, congenital heart 
disease, idiopathic sclerodegenerative disease 
(Lenégre’s disease), fibrocalcareous en- 
chroachment (Lev’s disease), acute rheumatic 
fever, polyarthritis, systemic lupus ery- 
thematosus, amyloidosis, sarcoidosis, and 
myxoedema. These diseases are usually distin- 
guishable from Lyme borreliosis by special 
laboratory tests and clinical findings. The tests 
for Lyme borreliosis measure IgM and IgG 
antibodies against Borrelia burgdorferi.©** 
Two types of tests are used: indirect immuno- 
fluorescence antibody tests and an enzyme- 
linked immunosorbent assay (ELISA). The 
ELISA is more sensitive and specific than 
indirect immunofluorescence tests, which are 
more commonly available. Routine labora- 
tory tests usually show a moderately increased 
erythrocyte sedimentation rate, slight leuco- 
cytosis, and raised total immunoglobulin. 
Chest x rays and echocardiograms are usually 
normal. 

Gallium scintigraphy can show increased 
uptake in the cardiac wall, which suggests 
endomycarditis.”” Histological detection of 
Borrelia burgdorferi organisms in tissue, 
blood, cerebrospinal fluid, and joint fluid is 
feasible,” "P ™ but seldom successful. 

In adults early Lyme borreliosis (stage 1) is 
treated with oral tetracycline (250 mg four 
times a day) for 30 days and in stages 2 and 3 
by intravenous ceftriaxone (2—4 g daily in one 
or two doses) or intravenous penicillin (20 
million IU daily in 4-6 doses) for 10 days.°®*** 
If atrioventricular block persists beyond a 
week treatment with corticosteroids is advised 
(40-60 mg/day, tapering by 5-10 mg/ 
week). 525253! The value of a single cortico- 
steroid dose at the start of antibiotic treatment 
in reducing the risk of a Jarisch~-Herxheimer 
reaction (temporary deterioration of the disease 
because of an overload of the immunosystem by 
toxic antigen) is uncertain. 

Serological tests for Lyme borreliosis were 
positive in all four of our patients: patient 1 was 
positive for IgM antibodies, patient 2 for IgG 
antibodies, and patients 3 and 4 were positive 
for both (table). In patient 1 the gallium scan 
showed signs of endomyocarditis. In all the 
patients the atrioventricular conduction 
disturbances caused the main symptoms. In 
three patients (1, 2, and 4) the clinical presenta- 
tion did not resemble the classic course of 
Lyme borreliosis in North American patients: 
our patients did not have erythema migrans and 
arthritis was restricted to the small joints and 
developed before the cardiac symptoms. Only 
patient 3 had erythema migrans and general 
malaise before the atrioventricular conduction 
disturbances developed (table). The clinical 
expression of Lyme borreliosis is known to 
vary considerably. In about 25% of the cases 
with Lyme arthritis there is no erythema 
Migrans or it is not recognised. Sometimes 
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patients present with neurological or cardiac 
symptoms.” 4*? Furthermore, the strain of 
Borrelia burgdorferi and the ticks are different 
in Europe (generally Ixodes ricinus) and in the 
United States (generally Ixodes dammini and 
Ixodes pactficus).>* 

The atrioventricular conduction disturb- 
ances were studied by serial surface electro- 
cardiograms in all four patients and in three 
serial electrophysiological studies were also 
performed (figure 3a—c). In three patients we 
also took endomycardial biopsy specimens. 
The electrophysiological studies in patient 1 
indicated that the atrioventricular block was 
located in the atrioventricular node, with 
accompanying conduction disturbances above 
(intra-atrial) and beneath (in the common His 
bundle) this site. This patient had a very 
unstable escape focus. The electrophysio- 
logical study in patient 3 also suggested a 
proximal site for the atrioventricular block, 
which was more local than in patient 1. Giant T 
wave inversion, as shown on the electrocar- 
diogram of patient 2 (igure 2), was described in 
other patients with Lyme borreliosis with more 
diffuse cardiac involvement*® but inverted T 
waves were also described in patients who had 
had a period of circulatory arrest and cerebral 
hypoxaemia.** The electrophysiological study 
ın patient 2 showed no terminal negative 
deflection of the His spike, a normal AH 
interval, and no relation between His bundle 
activity and ventricular complexes (figure 3c). 
This shows that the site of the atrioventricular 
block may also lie in the distal part of the His 
bundle, leaving the proximal part undisturbed. 
Despite extensive treatment with antibiotics 
and corticosteroid? 1" complete atrioven- 
tricular block persisted in this patient and a 
permanent pacemaker had to be implanted. We 
believe thig to be the first reported case in 
which complete atrioventricular block caused 
by Lyme disease did not resolye.ć 75 7 445 

The biopsy specimens of the hearts of all 
three patients had the same appearance. The 
endocardial zone showed the plaque-like infil- 
trates of lymphocytes and plasma cells that are 
typical of cardiac involvement in Lyme 
borreliosis. There were interstitial infiltrates 
in the myocardium and sometimes signs of 
necrosis of single myocytes. The tissue of all 
three patients contained coiled structures 
typical of the Lyme spirochete. So far only 
Reznick et al have reported a “coiled structure, 
compatible with a spirochetal organism” in the 
endomyocardial biopsy specimen ofa surviving 
patient.” Marcus et al showed spirochetes in 
the myocardium at a necropsy in a patient with 
fatal pancarditis related to coexistent Lyme 
borreliosis and babesiosis.“’ 

Both patients 3 and 4 showed spontaneous 
alteration in the degree of atrioventricular 
block. Patient 4 had a mild disturbance of 
atrioventricular conduction—that is short 
periods of complete atrioventricular block. He 
was treated with antibiotics and the atrioven- 
tricular conduction disturbances did not recur. 

These four patients and a review of other 
reported cases lead to the following con- 
clusions. In Lyme disease electrophysiological 
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studies show that atrioventricular block can 
occur at different levels of the atrioventricular 
conduction system. Occasionally there are 
sinoatrial and intra-atrial conduction distur- 
bances. Ventricular and supraventricular 
tachycardias seem to be less frequent than 
conduction disturbances. Spirochetes can be 
found by a special silver staining technique on 
the endomyocardial biopsy specimens of 
patients with Lyme carditis. Usually gallium- 
67 scintigraphy and endomyocardial biopsies 
are not essential to the diagnosis of Lyme 
carditis. Where diagnosis is difficult, however, 
the combination of serological tests—that are 
positive for Borrelia burgdorferi—and the 
presence of spirochetes in endomyocardial 
biopsy specimens (proof of Lyme carditis) may 
influence the management of a patient, as 
shown by the extensive antibiotic treatment 
and late pacemaker implantation in patient 2. It 
may be worth while to use the gallium scan to 
guide biopsy and increase the sensitivity of 
histological examination.“ When atrio- 
ventricular block of unknown origin develops 
suddenly, Lyme carditis must be considered, 
especially in younger patients. In most patients 
adequate treatment will avoid the need for a 
permanent pacemaker. 


1 Steere AC, Malawista SE, Snydman DR, et al Lyme 
arthritis. an epidemic of oligoarticular arthritis in children 
and adults in three Connecticut communities Arthrity 
Rhem 1977;20 7-17, 

Steere AC, Malawista SE, Hardin JA, Ruddy S, Askenase 
PW, Andiman WA. Erythema chronicum migrans and 
Lyme arthrius The enlarging clinical spectrum. Am 
Intern Med 1977;86:685-98. 

Steere AC, Malawista SE, Snydman DR, Andiman WA. A 
cluster of arthrins in children and adults in Lyme, 
Connnecticut [Abstract] Arthritis Rhem 1976,19:824. 

Burgdorfer W, Barbour AG, Hayes SF, Benach JL, Grun- 
waldt E, Davis JP Lyme uck-borne spiro- 
chetosis? Scrence 1982,216 1317-9. 

Steere AC, Bartenchagen NH, Craft JE, et al. Clinical 
manifestations of Lyme disease. Zbl Bakt Hyg 1986, 
A263 201-5 

6 Goldings EA, Jencho J. Lyme disease Chm Rheum Dis 
1986,12.343-67 

Schned ES, Wiliams DN. Lyme disease. The tack bite, 
the rash and the sequelae Postgrad Med 1985377. 
303-8, 310. 

8 Hechemy KE Lyme discase. a review. Bull Soc Pathol Exot 
Filiales 1986,79:9~21 

Steere AC, Batsford WP, Weinberg M, ez al. Lyme cardius 
cardiac abnormalities of Lyme disease. Ann Intern Med 
1980,93 8-16. 

10 de Koning J, Bosma RB, Ho p-Korstanje JAA. 
Demonstraton of spirochaetes in patients with Lyme 
disease with a modified silver stain. J Med Microbiol 
1987,23 261-7, 

11 de Koning J, Hoogkamp-Korstanje JAA, van der Linde 
MR, Crijns HJGM, Demonstration of Lyme spirochetes 
m cardiac biopsies of patients with Lyme disease. J Infect 
Dis 1989,160.150-3 

12 van der Lande MR, Cryns HJGM, Lie KI. Tranment 
complete atrioventricular block in Lyme disease Chest 
1989,96 219-21, 

13 Houwerzyl J, Root JJ, Hoogkamp-Korstanje JAA A case of 
Lyme disease with cardiac involvement m the Netherlands 
[Letter]. Infection 1984312.358. 

14 Kapusta P, Fauchier JP, Cosnau P, Huguet R, Grezard O, 

ouesnel P. Troubles conductifs smo-auriculaires et 
auriculo-ventriculaires de la maladie de Lyme. A propos 
de deux observanons (Sinoatnal and atrioventricular 
conducnon disorders in Lyme disease. Apropos of 2 case 
reports). Arch Mal Coeur 1986;79 1361-6 

15 Meyer LK, Swenson DB. Lyme cardins high-grade heart 
block in Lyme disease Minn Med 1987,70.345-6. 

16 Ballmer PE, Hany A. Lyme-Kardins (Lyme carditis). 
Schweiz Med Wochenschr 1988;118-358-62, 

17 Dunica S, Piette JC, Nassar N, Beaufils P. Une nouvelle 
cause de bloc auriculo-ventriculaire giou transitoire: la 
maladie de Lyme. (A new cause of acute transitory 
auriculoventcular block: Lyme disease), Arch Mal Coeur 
1986;79 1251-5 

18 Craft JE, Grodzicki RL, Steere AC Antibody response in 
Lyme discase: evaluation of diagnostic tests. J Infect Dis 
1984;149 789-95 

19 Magnarelh LA, Anderson JF Early detection and persis- 


ne 


w 


poa 


keil 


~ 


be 


168 


van der Linde, Crijns, de Koning, Hoagkamp-Korstanje, de Graaf, Piers, van der Galien, Lie 


tence of antibodies to Borrelia burgdorferi in persons with 
Lyme disease, 261 Bakt Hyg 1986;A 263:392-9. 

20 Alpert LI, Welch P, Fisher N. Gallum-positive Lyme 
disease m itis. Chin Nucl Med 1985,10:617. 

21 Rienzo RJ, tl DE, Prager D, Barron L, Post R. Gallium 
avid Lyme myocarditis. Cka Nucl Med 1987;12: 
475-6 

22 Jacobs JC, Rosen JM, Szer I$. Lyme myocardius diagnosed 
by gallium sean. J Pediatr 1984;105:950-2, 

23 Durau PH. The surgical pathology of human Lyme disease 

An enlarging picture Am J Surg Pathol 1987;11(suppl 
1):47-60. 

24 Steere AC, Grodricki RL, Komblatt AN, et al. The 
spirochetal etiology of Lyme disease, N Engl J Med 1983; 
308:733-40. 

25 Steere AC, Malawista SE, Newman JH, Spieler PN, Barten- 
hagen NH. Antibiotic therapy in Lyme disease, Ann 
Intern Med 1980,93:1-8. 

26 Steere AC, Green J, Hutchinson GJ, st al. Treatment of 
Lyme disease Zbl Bakt Hyg 1986;A263:252-6. 

27 Steere AC, Green J, Schoen RT, et al. Successful parenteral 
penicillin therapy of established Lyme arthritie N Engl J 
Med 1985;3123869~74. 

28 Datwyler RJ, enin IJs Pans H, Luft BJ: Ceftriaxone gs 
effective therapy im r Lyme disease. J Infect Dis 
19873;1$5-1322-5. 

29 Bedell SE, Pastor BM, Cohen SI Symptomatic high grade 
heart block in L disease, Chest 1981;79'236-7, 

30 oroa LDE Okafor C, Clements IP. Cardiac involvement in 
Lyme disease manifestations and management. Mayo 

Proc 1986;61-745-9. 

31 Reznick JW, Braunstein DB, Walsh RL, et al, Lyme carditis. 
Elecrophysiologic and histopathologic study. Am J Med 
1986,81.923--7. 

32 Bateman DE, White JE, Hirmgton G, Lawton NF. Three 
further cases of Lyme disease, Br Med J 19873;294;548-9 

33 Stanek G, Wewalka G, Groh V, Neumann R, Kristoferitach 
W. Differences between Lyme disease and European 

d-borne Borrelia imfections [Letter]. Lancet 
1985,8:401. 

34 Parke A. From New to Old Engiand: the progress of Lyme 

disease, Br Med J 1987,294:525-6 


35 Schmidt R, Kabatrki J, Hartung S, Ackermann R. Erythema 
chronicum migrans disease m the Federal Republic of 
Germany. Zbl Bakt Hyg 1986;A263-435—41. 

36 Stanek G, Flamm H, Groh V, st al. Epidemiology of Borrelia 
mfections in Austria. Zh Bake Hyg 1986,A263:442-9, 

37 Aeschlimann A, Chamot B, Gigon 3 Jeanneret J-P, Kes- 
seler D: Walther C. B. burgdorferi in Switzerland. ZW 

1986;A4263.450--8. 

38 Trenton , Crovato F, Marcuccio C, Fumarola D, S 

C. Lyme disease in’ Italy Zbl Bakt Hyg 1986; 

39 Douron B; oes M. Lyme disease in France. Zb! Bakt 
Hyg 1986;A263°464-5. 

40 Bó BP, Lakos A, Buda J, Telegdy L, Ambrózy G. 
Occurrence of Lyme Borreliosis in ie Hangat Zblr Bake 
Hyg 1986;A263:466-7. 

41 Kmety E, Rehácek J, Vyrostekova V, Investigations of tucks 
or the presence of Borrelia in Czechoslovakia. Zb! Baki 


42 Koren EI, Krychechnikov VN, Ananyina YuV, 
Chern: YuG. Ne ates of the existence of Lyme 
disease in the USSR. Zbl Bakt Hyg 19863;A263:471-2. 

Shamroth L. The disorders of cardiac rhythm. Oxford: 
Blackwell Scientific Publications, 1980:191-2. 

44 Cornuau C, Bemard M, Daumas PL, Oblet B, Poirot G, 
Valois M. Les manifestations cardiaques de la maladie de 
Lyme. A propos de deux observations. (Cardiac manifes- 
tations of Lyme disease. Apropos of 2 cases). Ann Cardiol 
Angeiol (Paris) 1984;33:395—9. 

45 Allal J, Coisne D, Thomas P, er al. Manifestations car- 
diaques de la maladie de L (Cardiac manifestations of 
Lyme disease). Ana Med Interns (Paris) 1986;137:372-—4. 

46 Duray PH, Steere AC. Clinical pathologie correlations of 

Lyme disease by stage. dan NY Acad Set 1988;539°65-79. 

47 Marcus LC, Steere AC, Duray PH, Anderson AH, Mahoney 
EB. Fatal pancardins in a patient with coexistent Lyme 
disease and babesioas* demonstration of spirochetes in the 
myocardium. Ann Intern Med 1985;103:374-6. 

48 0’ Conell JB, Henkin RE, Robinson JA, et al. Galhum-67 
imaging ın patients with dilated cardiomyopathy and 
biopsy-proven myocarditis. Circulation 1984;70 
58-62. 


t 


Br Heart J 1990;63:169-74 


Department of 
Paediatric Cardiology, 
Freeman Hospital, 
Newcastle upon Tyne 
C Wren 


Department of 
Academic Cardiology, 
Freeman tal, 
Newcastle upon Tyne 
R W F Campbell 


Division of Human 
Genetics, University of 
Newcastle upon Tyne 

J Burn 

Cardiothoracic 
Institute, Brompton 
Hospital, London 

E Rowland 


Hospital, Newcastle upon 
Tyne NE? 7DN. 


Accepted for pubbeation 
7 November 1989 


169 


Familial ventricular tachycardia: a report of four 


families 


Christopher Wren, Edward Rowland, John Burn, Ronald W F Campbell 


Abstract 

Four cases of familial ventricular 
tachycardia are presented. In each family 
the proband was an adolescent girl. 
Twelve members in the four families 
were affected and all were female. The 
clinical and electrocardiographic 
features were relatively constant within 
each family but there were striking 
differences between families. These dif- 
ferences argue against a common electro- 
physiological or pathophysiological basis 
for the ventricular tachycardia. 


Familial ventricular tachycardia is rare. Most 
reported cases have the long QT syndrome or 
are associated with familial cardiomyopathies. 
We report four families in which ventricular 
tachycardia occurred in at least two members. 
There were important differences between 
families but the clinical and electrocardio- 
graphic features were strikingly consistent 
within each family. 


Case reports 

FAMILY A 

The proband (fig 1), an apparently healthy 14 
year old girl, was found to have an irregular 
pulse at a routine medical examination. 
Physical examination, including hearing, was 
otherwise normal. The resting electro- 
cardiogram showed sinus bradycardia, a PR 
interval of 120 ms, a QT interval of 420 ms 
(QTc 438 ms), and very prominent U waves, 
particularly in right precordial leads (fig 2d). 
During the recording there were several salvos 
of non-sustained multiform ventricular 
tachycardia. She was then symptom free but 
within 12 months she had several episodes of 
dizziness and presyncope, after which a 24 hour 
electrocardiographic recording showed 
frequent ventricular extrasystoles (> 1800 per 
hour) and up to 80 episodes of multiform 
ventricular tachycardia per hour (at rates up to 
160 per minute) (fig 3), with almost complete 
suppression of arrhythmia overnight. She was 
symptom free during this recording. The 
arrhythmia was unaltered during an exercise 
stress test. A Valsalva manoeuvre produced a 
flat heart rate response with no electro- 
cardiographic changes and no ventricular 
arrhythmia. 

The patient’s mother who for several years 
had been taking phenytoin for “epilepsy” was 
also investigated. Her syncope always occurred 
during activity but not necessarily on exertion. 
Her electrocardiogram was remarkably similar 


to that of her daughter (fig 2c) and 24 hour 
electrocardiographic recording showed up to 
1800 ventricular extrasystoles per hour and up 
to 155 episodes of ventricular tachycardia per 
hour (rate up to 190 per minute) (fig 4) with 
almost complete suppression overnight. 

The proband’s father’s electrocardiogram 
was normal. That of her younger sister also 
showed prominent U waves (fig 2e) but 24 hour 
electrocardiographic recording showed no 
arrhythmia. Electrocardiograms from the 
patient’s maternal grandmother (fig 2b) and 
great-grandmother (fig 2a) also show abnormal 
U waves. Other family members have normal 
electrocardiograms (fig 1). 

Despite treatment with f blockers, her syn- 
cope recurred and a high left cervical sympa- 
thectomy was performed. Postoperatively she 
continued treatment with a $ blocker but had 
further syncope. Prolonged electrocardio- 
graphic monitoring showed persisting complex 
ventricular ectopic activity and no ventricular 
tachycardia, but there was profound sinus and 
nodal bradycardia. The B blocker was stopped, 
and since then she has been symptom free, with 
no recurrence of tachycardia or bradycardia. 

The mother is symptom free on treatment 
with a $ blocker although ventricular 
arrhythmias are still present on ambulatory 
electrocardiographic recordings. 


FAMILY B 
The proband, a 13 year old symptom free girl, 
was found to have an irregular pulse during a 
viral illness. Physical examination was other- 
wise normal. A resting electrocardiogram 
showed ventricular bigeminy with T wave 
inversion in inferolateral leads. Ambulatory 
monitoring showed frequent ventricular 
extrasystoles (> 2250 per hour), with pro- 
longed periods of bigeminy. Only rarely were 
there two consecutive sinus beats, but when 
this did occur a large abnormal U wave was 
present. Ventricular tachycardia was frequent 
(1-24 episodes an hour) and was bidirectional 
(fig 5) or multiform. The tachycardia rate was 
170 beats per minute. During a Valsalva 
manoeuvre the ventricular arrhythmias were 
abolished but the recording quality precluded 
measurement of the QT interval. On exercise 
stress testing the number of ventricular 
extrasystoles initially increased and then fell, 
with abolition by stage 5 of the Bruce protocol. 
The extrasystoles returned during recovery. A 
cross sectional echocardiogram was normal. 
Within nine months severe episodes of dizzi- 
ness developed but she was not syncopal. On 
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Family B 
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Figure 1 Pedigrees of the four families 


propranolol both her symptoms and the ven- 
tricular tachycardia persisted. Mexiletine and 
atenolol were not tolerated. On flecainide she 
continued to have almost incessant ventricular 
bigeminy and short runs of ventricular 
tachycardia and her symptoms were controlled 
for a few months but then returned. At an 
electrophysiology study rapid, non-sustained, 
multiform ventricular tachycardia could be 
induced by premature stimuli but induction 
was not reproducible and could not be used for 
drug testing. Monophasic action potential 
recordings showed no evidence of dispersion of 
ventricular repolarisation. Subsequent treat- 
ment with disopyramide produced no 
improvement in either her symptoms or the 
arrhythmia. Currently her symptoms are well 


Figure 2 Electrocardiograms (leads II, V2, V5) from members of family A showing pr 
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® Symptomatic arrhythmia 
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controlled by amiodarone although monitoring 
shows that the arrhythmia persists. 

The patients mother volunteered that she 
had also had an irregular pulse for many years, 
with no history of syncope or dizziness. Her 
physical examination was normal. Her 
electrocardiogram showed frequent ventricular 
arrhythmias and 24 hour recording showed 
frequent ventricular extrasystoles (> 2800 per 
hour) and many episodes (> 18 an hour) of 
non-sustained bidirectional or multiform ven- 
tricular tachycardia (fig 6). Her arrhythmias 
were also suppressed during the Valsalva 
manoeuvre and on peak exercise. Electro- 
cardiograms from the patient’s brother, sister, 
and father, and her mother’s brother, sister, 
and parents were normal (fig 1). 


ominent U waves. a, maternal 
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Figure 3 Multsform ventricular tachycardia recorded 
during ambulatory electrocardiographtc monttoring ın the 
proband from family A. 





FAMILY C 

The proband, a 15 year old girl, was referred 
after three episodes of presyncope on exercise. 
Physical examination was normal. The resting 
electrocardiogram showed ventricular 
bigeminy and non-sustained ventricular 
tachycardia. The QT interval could not be 
measured because consecutive sinus beats were 
not recorded. Ambulatory electrocardiogra- 
phic recording confirmed frequent multiform 
ventricular tachycardia at 160 beats per minute 
(fig 7). Echocardiography showed a slightly 
dilated left ventricle. The ejection fraction by 
radionuclide angiocardiography was normal. 
Treatment with amiodarone provoked 
thyrotoxicosis and did not relieve her 
symptoms. While being treated with flecainide, 
and with a right atrial AAI pacemaker, she has 
been symptom free for two years. 

In 1966 the patient’s mother had heart 
failure, atrial flutter, and multiform ventricular 
tachycardia a few months after the birth of her 
second child (the proband). Cardiac catheter- 
isation and angiography led to a diagnosis of 
“congestive cardiomyopathy”. Although the 
arrhythmias persisted, the heart failure 
resolved and there were no symptoms for the 
next 14 years. In 1980, after a syncopal attack, 
the electrocardiogram showed frequent ven- 
tricular arrhythmias including non-sustained 
ventricular tachycardia, There was no clinical 
evidence of heart failure and the left ventricle 
was only slightly dilated on M mode echo- 
cardiography. The mother died suddenly one 
year later, presumptively from a ventricular 
arrhythmia. 


Wen 


Newent! 
1s 


Figure4 Ventricular tachycardia recorded during 
ambulatory electrocardiographic momtoring of the mother 
of the proband of family A. The ventricular tachycardia 
is at tunes multiform and irregular and at other times 
stable and monomorphic 
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Figure 5 Ventricular tachycardia recorded during 
ambulatory electrocardiographic momtoring of the 
proband from family B Several types of ventricular 
tachycardia were seen including bidirectional tachycardia 
(upper trace), regular monomorphic tachycardia (nnddle 
trace), and irregular multiform ventricular tachycardia 
(lower trace) 


At necropsy the left ventricle was mildly 
dilated but there was no important macro- 
scopic or histological abnormality. 

The patient’s older sister had also presented 
to another hospital with ventricular arrhyth- 
mias and cardiac enlargement and died 
suddenly at the age of 13 years. 


FAMILY D 

The proband developed palpitation at the age 
of 10 years. Investigations at that time were 
normal; no arrhythmia was seen. She presented 
again three years later with palpitation, chest 
pain, and dyspnoea on exertion. She had an 
irregular tachycardia with no clinical sign of 
heart failure. The cardiothoracic ratio on chest 
x ray had increased from 100/205 cm to 150/235 
cm. The electrocardiogram showed an inces- 
sant arrhythmia in which most QRS complexes 
had a right bundle brunch block pattern (fig 8). 
Twenty four hour electrocardiographic record- 
ing showed frequent sustained arrhythmias of 
260 beats per minute. There were never two 
consecutive sinus beats. The echocardiogram 
showed a dilated left ventricle with impaired 
contraction. 

An invasive electrophysiological study con- 
firmed fascicular ventricular tachycardia, each 
ventricular beat being preceded by a fascicular 
deflection but not by a His potential. Intra- 
venous flecainide acetate abolished the arr- 
hythmia and restored sinus rhythm. Oral 
flecainide maintained sinus rhythm with 
occasional ventricular bigeminy. Six weeks 
after the start of treatment the heart size 
returned to normal and echocardiography 
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Figure6 Ventricular tachycardia recorded during 
ambulatory electrocardiographic momtoring of the mother 
of the proband of family B. The ventricular tachycardia 
was non-sustained, at times bidirectional {rmddle trace), 
and at other tumes monomorphic (lower trace). 


172 


STITT TIME 


a | 
1s 


Figure 7 Ambulatory electrocardtographic recording 
from the proband of family C shounng an irregular, wide 
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showed a considerable improvement in ven- 
tricular function. After two years the patient 
remains symptom free on flecainide. Her chest 
x ray is normal and electrocardiographic mon- 
itoring shows sinus rhythm with frequent ven- 
tricular extrasystoles but without ventricular 
tachycardia. 

The patient’s mother first had palpitation 20 
years ago and was treated with practolol for 
several years. At the time of investigation she 
was not taking medication. Her 24 hour 
electrocardiographic recording showed 
frequent, non-sustained, narrow QRS 
tachycardia occurring mainly at night. While 
this could be ventricular tachycardia, the pre- 
cise nature of this arrhythmia has not been 
established because her symptoms do not 
warrant invasive investigation or treatment. 

The mother’s sister also gave a long history 
of palpitation. Her electrocardiogram recorded 
in 1970 showed non-sustained multiform 
ventricular tachycardia bearing a striking 
similarity to that of the proband. She had 
symptoms for 16 years despite treatment with 
quinidine. Recent reassessment showed 
frequent ventricular extrasystoles that con- 
tinued after quinidine was stopped. Ven- 
tricular tachycardia was not present on 24 hour 
electrocardiographic monitoring. The resting 
electrocardiogram and cross sectional echo- 
cardiogram were normal. Treatment with 
flecainide initially reduced the ventricular 
ectopic activity but after some months her 
symptoms and the arrhythmia recurred. Other 
antiarrhythmic drug treatments are being 
investigated. 

The maternal grandfather’s family showed a 
strikingly high incidence of early death said to 
be due to heart disease but no further details are 
available (fig 1). The mother’s cousins, both 
female, have also had arrhythmias. One cousin 
died suddenly at the age of 17 years and the 
other is alive and although she has symptoms 
she is not taking medication. 
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Figure 8 Ambulatory electrocardtographic recording 
from the proband of family D shoring a sustained, wide 
ORS tachycardia unth varying QRS configuration, 
confirmed at electrophysio study to be ventricular 
tachycardia. 


Wren, Rowland, Burn, Campbell 


Discussion 

THE ARRHYTHMIAS AND THEIR PATHO- 
PHYSIOLOGY 

Understanding of the pathophysiology and 
electrophysiology of ventricular tachycardia in 
children has been hampered by its rarity. The 
long QT syndrome and torsade de pointes are 
now widely recognised but, although it is 
tempting to consolidate new cases with others 
previously described, the growing trend to 
soften the diagnostic criteria of the long QT 
syndrome may inappropriately amalgamate 
diverse pathophysiological conditions. It may 
be better to use the term ‘‘abnormal repolarisa- 
tion syndromes”’ to cover both the classic long 
QT syndromes and patients with normal QT 
intervals but with abnormal U waves, and to 
incorporate the possibility of abnormal 
repolarisation with a normal QT interval and 
normal U waves—a situation perhaps created 
by abnormally rapid repolarisation in parts of 
the heart, which produces pathological disper- 
sion of repolarisation. 

The cases of ventricular tachycardia pre- 
sented are somewhat similar. All would satisfy 
even the most stringent definition of ven- 
tricular tachycardia. All occurred in young 
patients and in each there was evidence of a 
familial problem. Within each family there was 
a strikingly uniform type of arrhythmia. Yet, 
these interesting similarities are insufficient to 
establish a common electrophysiological or 
pathophysiological basis. The cases of ven- 
tricular tachycardia reported here are also 
recognisably different from the more common 
and apparently benign forms of repetitive 
monomorphic ventricular tachycardia seen in 
children without obvious heart disease. 

Family A showed abnormal repolarisation 
with a normal QT interval but abnormal U 
waves. Since the original descriptions of the 
Jervell Lange-Nielsen! and Romano Ward?’ 
syndromes it has been apparent that other 
similar cases have variable inheritance or are 
sporadic‘ and that an apparently similar clinical 
picture can be seen with a normal QT 
interval.*’ Some patients in the latter group, 
like those in family A, have large, prominent, 
and prolonged U waves.*® U waves probably 
reflect repolarisation of the Purkinje system"? 
and abnormal U waves may signify abnormal 
repolarisation, which is the probable under- 
lying abnormality in the classic “long QT 
syndrome’’.* There is no consensus on when 
the U wave is abnormal, either in height or 
duration. It has been suggested that U waves 
can be regarded as normal when they are up to 
50°, of the height of the T wave and that a U 
wave “approaching the height of the T wave” 
should be considered abnormal and should 
then be included in measurement of the QT 
interval.'° The limits of normal QU duration 
are not known. 

Family B also showed abnormal repolarisa- 
tion. Though the multiform ventricular 
tachycardia and the abnormal U wave might 
indicate an underlying abnormality of repolar- 
isation, we were unable to show dispersion of 
ventricular refractoriness and there was no 
response to f blockers. Multiform ventricular 
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tachycardia and bidirectional ventricular 
tachycardia can coexist and both can also occur 
in the long QT syndrome." Most of the few 
cases of bidirectional ventricular tachycardia 
reported in children have caused symptoms, 
with a high morbidity and mortality.'!~” 
Coumel et al have described a rare type of 
catecholamine induced ventricular tachy- 
cardia, induced by exercise or isoprenaline 
infusion, that progresses through bidirectional 
tachycardia to ventricular fibrillation.” 

There is no direct evidence of abnormal 
repolarisation in families C and D but the 
incessant nature of the arrhythmias precluded 
such analysis. Though it may seem that the 
ventricular tachycardia in these two families 
might be a consequence of myocardial disease, 
the ventricular impairment was mild and may 
equally have been a result of the arrhythmia.” 
Dilated cardiomyopathy may be familial and in 
some cases there is autosomal dominant 
inheritance.” Familial cases are heterogeneous 
but they do show a strikingly high incidence of 
arrhythmias, syncope, and sudden death.’ 

Familial ventricular tachycardia has also 
been reported in association with arrhythmo- 
genic right ventricular dysplasia when almost 
all those affected are male,” “ in palmoplantar 
keratosis with right ventricular or biventricular 
disease,” in childhood periodic paralysis,” and 
in various neuromuscular diseases with cardiac 
involvement.” 


GENETICS 
In each of these four families the proband is a 
female who presented in adolescence. Further- 
more, it is apparent from fig 1 that there is a 
preponderance of affected females. Although 
the type of arrhythmia within each family is 
consistent, it is inappropriate to pool the 
families for analysis because there are clear 
distinctions between them. In particular, 
family D is the only one in which there is 
obligate transmission of the gene from a male 
(1.6). In that male’s sibship there were two 
early male deaths suggesting that in family D 
this may well be a simple autosomal dominant 
and the preponderance of females in the 
observed generation is a chance finding. 

In the other families the female predomin- 
ance may be no more than a chance observa- 
tion. There are relatively few males and there 
is no evidence of an excess number of mis- 
carriages to suggest a more severe form of the 
disease causing early loss of affected males. The 
small number of families and the likelihood of 
heterogeneity prevent formal segregation 
analysis but the possibility of some form of 
matrilineal transmission deserves examination 
in future family studies. 

There are several disorders that preferen- 
tially affect females or are transmitted in the 
female line. In congenital myotonic dystrophy, 
some form of maternofetal interaction is 
assumed because the disorder is invariably 
inherited from the mother. Maternofetal trans- 
mission of an infectious agent is possible; 
Hb,Ag positive hepatitis was described as a 
familial disorder transmitted in the female line 
before it was recognised that the virus was 
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transferred at delivery.” It has been suggested 
that familial ventricular tachycardia may result 
from familial transfer of neurotropic viruses 
causing selective damage of conducting tissue, 
but though this is theoretically possible there is 
no supportive evidence.” 

Transmission in the female line is also 
characteristic of mitochondrial inheritance 
because mitochondria are derived almost 
exclusively from the ovum. There is now clear 
evidence that some cases of mitochondrial 
myopathy result from an abnormality in the 
mitochondrial genes, which are distinct from 
those of the nuclear genome. This mechanism 
of transmission is of potential relevance in view 
of the involvement of the conducting tissue in 
the Kearns-Sayre syndrome that has been 
shown to be associated with mitochondrial 
abnormality.* These mechanisms would result 
in preferential transmission in the female line 
but not in an exclusive involvement of female 
offspring. A further observation of possible 
relevance is the suggestion that various cardiac 
malformations are associated with a much 
greater recurrence risk in the offspring of 
affected females than of affected males.” No 
explanation for this excess is yet apparent. 

Future studies of ventricular tachycardia 
should assess in further detail any relation 
between sex and the expression of transmission 
of a conduction defect. Clinicians should be 
aware of the need to inquire after, and where 
necessary to investigate, first degree relatives of 
individuals with ventricular tachycardia. 

There is a clear need for more extensive 
family studies in ventricular tachycardia. The 
four families described in this report show that 
familial ventricular tachycardia is hetero- 
geneous and that pooling of families is likely to 
be counterproductive, both to the delineation 
of the clinical phenotypes and to the possible 
localisation of the gene defects using DNA 


linkage studies. 
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Echocardiographic appearance of pulmonary 


artery stenosis 


Jonathan W Swan, John B Chambers, Mark J Monaghan, Graham Jackson 


Abstract 

Colour flow Doppler mapping can show 
abnormalities of flow even when the 
echocardiographic image is equivocal. 
Routine echocardiography in two 
patients who were thought to have pul- 
monary valve stenosis and a ventricular 
septal defect initially appeared to be nor- 
mal. Colour flow Doppler mapping, 
however, showed multiple flow aliasing 
within the pulmonary artery, approx- 
imately 1:5 cm downstream from the 
pulmonary valve. More detailed examin- 
ation by cross sectional echocardio- 
graphy showed a membrane at this level 
in both patients. It is possible that more 
eases of this uncommon anomaly will 
come to light with increasing use of 
Doppler techniques. 


Cross sectional echocardiography provides an 
anatomical diagnosis in a wide variety of con- 
genital and acquired cardiac lesions. The tech- 
nique may provide technically poor images in 
some patients, however, and a morphological 
abnormality may not be obvious. In these 
situations, the spatial flow information 
provided by colour fiow Doppler mapping may 
be diagnostic.' Supravalvar pulmonary artery 
stenosis is rare, but we have recently used 
colour flow Doppler mapping to diagnose two 
cases in which the cross sectional images were 
equivocal, 


Case reports 

CASE | 

A nineteen year old woman in whom valvar 
pulmonary stenosis had been diagnosed in 
infancy was seen for outpatient follow up. 
There was no history of maternal rubella and 
she had had a normal birth history and 
developmental milestones. On examination, 
there was mild bilateral ptosis, but no other 
neurological or physiognomic abnormality. 
The supine blood pressure was 120/85 mm Hg 
and the pulse rate was 64 beats/minute. The 
jugular venous pulse was normal and there was 
no parasternal impulse or abnormality of the 
apex beat. On auscultation there was a loud 
ejection systolic murmur, heard best at the left 
sternal edge in inspiration. The second sound 
was normal. The electrocardiogram showed 
sinus rhythm with no evidence of right ven- 
tricular hypertrophy and a mean frontal QRS 
axis of — 40°. The chest x ray was normal. 


CASE 2 

A thirty one year old man presented with chest 
pain that was atypical of a cardiac origin. His 
developmental milestones had been normal, 
but a ventricular septal defect had been diag- 
nosed in childhood. On examination, the 
supine blood pressure was 125/75 mm Hg and 
the pulse rate was 72 beats/minute. The jugular 
venous pressure was normal and there was no 
clinical evidence of right ventricular hyper- 
trophy or left ventricular dilatation. On auscul- 
tation there was an ejection systolic murmur 
which was loudest at the left sternal border, but 
the second sound was normal. The electro- 
cardiogram and chest x ray were normal. 


ECHOCARDIOGRAPHY 

Echocardiographic examination in both cases 
showed normal right and left ventricular func- 
tion. There was no right ventricular hyper- 
trophy and no evidence of intracardiac shunts. 
The cardiac valves were normal in appearance. 
Initial imaging of the right ventricular outflow 
tract and pulmonary artery also seemed nor- 
mal. Colour flow Doppler mapping, however, 
showed a colour change indicating flow 
acceleration just beyond the pulmonary valve. 
This led to a constriction in flow within the 
main pulmonary artery 1:5 cm distal to the 
valve. Beyond this was a turbulent jet directed 
along the medial border of the artery (fig 1a). In 
the second case, there was additional reversed 
flow through the membrane ın early diastole 
(fig 2a). More detailed examination by cross 
sectional echocardiography showed a mem- 
brane-like stenosis at this point in both cases 
(figs 1b and 2b). The peak velocity in the nght 
ventricular outflow tract and proximal pul- 
monary artery, measured by pulsed Doppler, 
was 1-0 m/s in both cases. The peak pulmonary 
artery velocity, recorded by continuous wave 
Doppler, was 2-8 m/s in case 1 and 3-0 m/s in 
case 2, suggesting peak instantaneous gradients 
of around 30 mm Hg. No further investigation 
1s planned ın either patient. 


Discussion 
Our main purpose is to present the echo- 
cardiographic and Doppler ultrasound find- 
ings in this uncommon congenital anomaly. 
There are few reports of the cross sectional 
echocardiographic appearance of pulmonary 
artery stenosis and, to our knowledge, none of 
the Doppler ultrasound findings. 

We showed several abnormalities within the 
pulmonary artery using colour flow Doppler 
mapping. Acceleration of flow began just 
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Figure 1 Echocardiographic appearance in case 1 with (a) and without (b) a superimposed colour flow map. A parasternal long axis view was used. 
16 set at maximum packet size and minimum reject with an enhanced map and spatial filtering. (a) Flow acceleration can be seen 
immediately downstream from the pulmonary valve leading to a region of flow restriction at a point 1-5 cm from the valve. Beyond this is a high 
velocity jet, characterised by multiple mosaic aliasing, directed along the medial border of the pulmonary artery. (6) This shows the underlying 
responding to these regions of flow disturbance. LV, left ventricle; PA, pulmonary artery; PS, pulmonary artery stenosts; PV, 

; RVOT, right ventricular outflow tract 
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downstream from the pulmonary valve and led 
to a constriction in the cross sectional area 
available for flow at the point of the stenosis. 
Downstream from the stenosis was a fast tur- 
bulent jet, shown by multiple mosaic aliasing, 
which was directed along the medial wall of the 
pulmonary artery. These findings are similar to 
those reported for aortic coarctation where 
colour flow mapping may occasionally improve 
the detection rate.’ In the present cases, the 
stenosis Was not immediately obvious on cross 
sectional imaging and previous examinations 
had also failed to make the diagnosis. The 
unequivocal abnormality on colour flow map- 
ping, however, drew attention to the region 
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that required further more caretul examination 
by cross sectional echocardiography. 

The finding of early diastolic regurgitation 
across the membrane in one patient is interest- 
ing. The pressure drop was greatest at a point 
just distal to a membranous stenosis, beyond 
which blood lost momentum with a consequent 
recovery of static pressure.’ We suggest that 
this pressure gradient beyond the membrane 
was the reason for transient flow reversal at the 
start of diastole 

Stenosis of the main or branch pulmonary 
arteries is uncommon; it is sometimes a result 
of maternal rubella.‘ A membrane is less com- 
mon than an elongated stenosis and was seen in 
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Echocardiographic appearance in case 2 with (a) and without (b) a superimposed colour flow map. (a) An early diastolic frame in a 
The system was set as in fig la except that spatial filtering was not used. A short, narrow jet can be seen in the main 
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f b) This shows the underlying anatomy. AO, aorta; 
MPA, main pulmonary artery; PS, pulmonary artery stenosis; PV, pulmonary valve; RA, right atrium; RVOT, right 


gurgitation of blood past the pulmonary artery membrane 
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Echocardiograpic appearance of pulmonary artery stenosis 


two of six patients in Franch and Gay’s series in 
which the main pulmonary artery was affec- 
ted.> Few long term studies have been under- 
taken, but it seems that gradients across sten- 
osés in the main pulmonary artery change little 
over periods of up to 12 years and the prognosis 
is good in the absence of other associated 
cardiac anomalies.® 

Colour flow Doppler is effectively a cross 
sectional version of pulsed Doppler. Velocity 
and directional data are gathered at multiple 
depths down the scan lines of an image sector 
and then superimposed on the cross sectional 
image. It therefore screens rapidly for distur- 
bances of flow that may not always be 


* associated with anatomical abnormalities. Fur- 
. thermore, the detection and localisation of such 


flow disturbances may be time consuming and 
of limited accuracy when continuous wave and 
conventional pulsed Doppler are used. Atten- 
tion was first directed to the main pulmonary 
artery in these cases by the unequivocal abnor- 
mality on colour flow Doppler mapping. It 
thus considerably simplified the examination, 
enabling pulmonary artery stenosis to be diag- 
nosed for the first time in these patients. It is 
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possible that pulmonary artery stenosis is 
underdiagnosed and that more cases may come 
to light with the increasing availability and use 
of Doppler ultrasound techniques. 


JBC was supported by a Bnush Heart Foundanon Junior 
Fellowship: e colour flow Doppler system was donated by Mr 
K Packer. 
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Addendum 

Since preparing this paper we have demon- 
strated three further cases of membranous 
pulmonary artery stenosis, suggesting that it 
may be more common than previously thought. 
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Percutaneous transluminal coronary angioplasty 
with cardiopulmonary bypass for stenosis of the 
most proximal part of the left anterior descending 


coronary artery 


Osamu Ueda, Kyoji Kohchi, Nobuhiko Koga 


Abstract 

An 85 year old man with unstable angina 
pectoris was treated successfully with 
percutaneous transluminal coronary 
angioplasty supported by cardiopulmon- 
ary bypass and intra-aortic balloon 
pumping. Coronary angiography had 
shown stenoses in both the left main stem 
and left anterior descending coronary 
arteries. Drug treatment had been inef- 
fective and he was too old for coronary 
arterial bypass grafting. 


Although percutaneous transluminal coronary 
angioplasty for stenosis of the left main stem 
coronary artery without adequate protection of 
other arteries has been attempted in an emer- 
gency and electively,’”’ sucha lesion is regarded 
by some as an absolute contraindiction to 
elective coronary angioplasty.‘” Vogel and 
Phillips er al reported using cardiopulmonary 
bypass for risky coronary angioplasty."’ We 
report successful emergency angioplasty in a 
high risk patient who was supported by car- 
diopulmonary bypass and intra-aortic balloon 
pumping. 


Case report 

An 85 year old man was brought by ambulance 
to our hospital with chest pain that was refrac- 
tory to sublingual glyceryl trinitrate. He had a 
four year history of stable effort angina. On 
admission, his blood pressure was 152 
72 mm Hg, the pulse rate was 66 beats per 
minute and regular, the lungs were clear, and 
cardiac auscultation showed no abnormal find- 
ings. An electrocardiogram showed sinus 
rhythm with no clinically significant ST-T 
change. The attack disappeared after intraven- 
ous administration of 5 mg of isosorbide din- 
itrate. His attacks of angina at rest continued in 
hospital despite treatment with maximal doses 
of nitrates and calcium channel blockers. The 
electrocardiogram during anginal attacks 
showed slight ST depression in leads V3 to V5. 
Coronary arteriography on the fifth hospital 
day showed a severe stenosis (90°, of the 
diameter) in the most proximal part of the left 
anterior descending coronary artery that exten- 


ded to the left main stem coronary artery and 
another severe stenosis (90",,) in the middle left 
anterior descending coronary artery (fig la). 
We thought that the patient was too old for 
coronary arterial bypass grafting. Coronary 
angioplasty was considered to be so risky that 
we decided to use cardiopulmonary bypass and 
intra-aortic balloon pumping during angio- 
plasty. We attempted coronary angioplasty on 
the sixth hospital day. The patient gave his 
informed consent. The balloon for intra-aortic 
balloon pumping was inserted from the right 
femoral artery, After general anaesthesia with 
nitrous oxide, the cannulas for cardiopulmon- 
ary bypass were introduced into the left 
femoral artery and the left femoral vein by 
surgical exposure. Angioplasty was performed 
via the brachial approach with a 2:5 mm 





a before 
after percutaneous transhomnal coronary 
angioplasty. The black arrow head and arrow indicate 
proximal and distal 90", stenosis respectively: both were 
successfully treated by angioplasty supported by bypass. 


Selective left coronary cineangiograms made 
and ib 


~ 


Percutaneous transluminal coronary angioplasty with cardiopulmonary bypass 


diameter balloon catheter. When the balloon 
was across the lesion in the most proximal part 
of the left anterior descending coronary artery 
it was inflated three times for 30 to 60 seconds 
at a pressure of 8 atmospheres. Because the 
systemic blood pressure fell below 70 mm Hg 
despite intra-aortic balloon pumping during 
the first inflation, cardiopulmonary bypass was 
used to give a blood flow of 2 l/min. Blood 


pressure was soon restored. The balloon was 


inflated once for 120 s at 7 atmospheres when it 
lay across the lesion in the middle left anterior 
descending coronary artery. The lesion in the 
most proximal part of the left anterior descend- 
ing coronary artery was not sufficiently dilated, 
so a larger balloon (3 mm diameter) catheter 
was used and inflated twice for 120 seconds at a 
maximum pressure of 5 atmospheres. 

The diameter of both stenotic regions was 
increased from 10% to 50% by dilatation (fig 
la and fig 1b). Although there was a minor 
dissection ın the mid left anterior descending 
coronary artery, there was no occlusion of the 
artery during the half an hour observation after 
dilatation. These procedures were performed 
uneventfully. After angioplasty, angina was 
completely controlled by medicine and the 
patient was discharged a month later. 


Discussion 

Our patient had two severe stenoses (> 90%) in 
the left anterior descending coronary artery, 
and a successful dilatation of only one stenotic 
region might have relieved the symptoms. To 
reach the stenosis in the mid left anterior 
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descending coronary artery we had to pass the 
balloon catheter through the most proximal 
stenosis. Dilatation of either stenosis was very 
risky. Because angioplasty of the most proximal 
lesion required the support of cardiopulmon- 
ary bypass and intra-aortic balloon pumping 
we decided to attempt both stenoses. 

We did consider whether the left circumflex 
coronary artery should have been protected 
with an additional guide wire, because the most 
proximal stenosis extended to the left main 
coronary artery. The stenosis of the left main 
coronary artery itself was not so severe, 
however, and we therefore considered that the 
left circumflex coronary artery was unlikely to 
become occluded. 


We thank Dr H Okazaki, Dr T Baba, Dr H Obteki, and Professor 
T Itoh for support and advice 
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Origin of the left coronary artery from the right 
pulmonary artery and ventricular septal defect in a 
child of a mother with raised plasma 
phenylalanine concentrations throughout 


pregnancy 


D Henglein, H Niederhoff, H Bode 


Abstract 

A child with anomalous origin of the left 
coronary artery from the right pulmon- 
ary artery, ventricular septal defect, 
fetal growth retardation, and facial 
abnormalities was born to a woman in 
whom plasma phenylalanine concentra- 
tions had been raised throughout 
pregnancy. The cardiac abnormalities 
were diagnosed by angiography when the 
child was eight months old. The 
anomalous coronary artery was imaged 
in a subsequent echocardiogram. 
Development retardation was caused by 
maternal phenylketonuria, which may 
also have been responsible for the 
development of the ventricular septal 
defect and the coronary anomaly. If 
dietary treatment of the mother had been 
started before pregnancy damage to the 
child might have been prevented. 


Anomalous origin of the left coronary artery 
from the pulmonary artery as an isolated lesion 
usually presents as myocardial ischaemia.’ 
Haemodynamic features caused by associated 
intracardiac lesions may obscure the clinical 
features of the coronary artery anomaly. 
Reports of children with this anomaly and an 
associated ventricular septal defect show that 
the coronary anomaly was not detected until 
operative closure of the ventricular septal 
defect was followed by a fatal outcome or until 
signs of myocardial ischaemia developed in 
children in whom the ventricular septal defect 
had spontaneously become smaller. 

We report on one infant in whom the 
anomaly—origin of the left coronary artery 
from the right pulmonary artery—was diag- 
nosed before operation. We know of five 
reports of this rare condition.” * The mother of 
the patient we describe was found to have 
raised plasma concentrations of phenylalanine 
after delivery. 


Case report 

The female infant was delivered by caesarean 
section at 36 weeks’ gestation because of slow- 
ing of the fetal heart rate. An ultrasonic evalua- 
tion in week 15 of pregnancy had shown growth 
retardation of the fetus. Apart from this, preg- 
nancy had been uneventful. There was no 
history of congenital heart disease ın the family. 


At birth the child was small for dates (birth 
weight of 1460 g), microcephalic, and showed 
several signs of facial dysplasia consistent with 
the high maternal plasma concentration of 
phenylalanine (2:46-3 06 mmol/l) measured 
soon after delivery. In the next few weeks a 
grade 3/6 continuous systolic murmur was 
audible along the infant’s left sternal border. A 
low frequency mid-diastolic murmur could be 
heard at the apex of the heart. The intensity 
of the second part of the second heart sound 
was increased. The liver was slightly enlarged, 
there was no cyanosis, and the peripheral 
pulses were normal. Follow up chest x rays and 
electrocardiograms showed cardiomegaly, in- 
creased pulmonary vascularity, and signs of 
double ventricular hypertrophy without T 
wave inversion or ST segment or T wave 
anomalies. Echocardiographic examination 
showed a ventricular septal defect (diameter 
4 mm), left and right ventricular and septal 
hypertrophy, and slight atrial enlargement. 
The shortening fraction and ejection fraction, 
calculated by means of M mode echocardio- 
graphy, were within normal limits. During 
the ensuing months there was no clinical or 
electrocardiographic evidence of ischaemia of 
the myocardium. 

When the child was eight months old cardiac 
catheterisation was performed. She was small 
(6:1 kg}—in the third percentile for weight at 
eight months. Cardiac catheterisation con- 
firmed the diagnosis of ventricular septal 
defect. Pulmonary artery pressure was raised 
because the left and right ventricular systolic 
pressures were almost equal. The calculated 
left to right shunt was 57% and pulmonary 
vascular resistance was within normal limits. 
Cineangiography provided the complete diag- 
nosis. Injection into the left ventricle showed 
normal contractility of this chamber, no mitral 
valve incompetence, and a ventricular septal 
defect in the typical high location. After left 
ventricular contraction the aortic root, the right 
coronary artery, and a relatively large conal 
branch were seen without any evidence of left 
coronary artery filling. Injection into the right 
ventricle and selective angiography of the right 
pulmonary artery showed the origin of the 
anomalous left coronary artery on the right 
pulmonary artery approximately 1 cm away 
from the bifurcation (fig 1). The anomalous 
artery ran below and behind the pulmonary 
trunk. Then it divided. One of the branches 


Origin of the left coronary artery from the right pulmonary artery 


Figure 1 Angiograms 
after injection of contrast 
into the right pulmonary 
artery showing the 
anomalous origin of the 
left coronary artery from 
the right pulmonary artery 
in (a) frontal and (b 
lateral views. 


Figure 2. Cross sectional 
echocardiogram in short 
axis view at the base of the 
heart through the aortic 
root. The anomalous 
coronary artery is 
identifiable. AAO, 
ascending aorta; RVOT, 
right ventricular outflow 
tract; PT, pulmonary 
trunk; LA, left atrium; 
ALCA, anomalous left 


coronary artery. 


- 





followed the usual course of the anterior des- 
cending coronary artery and the other that of 
the circumflex coronary artery. No collaterals 
were seen between the left and right coronary 
artery system. 

This coronary anomaly was examined by 
cross sectional echocardiographic study 
through the aortic root. In the short axis view 
no coronary artery ostium was seen in the left 
aortic sinus. Slight cranial angulation of the 
transducer showed the anomalous coronary 
artery following a straight course below and to 
the left behind the ascending aorta without any 
contact with the aortic sinus (fig 2). 

At the age of 14 months the child was in good 
physical condition without congestive cardiac 
failure. Tests showed developmental retarda- 
tion of about two months. The head circum- 
ference was consistently about 2 cm below the 
third percentile for corresponding age and 
there were no signs of a decrease in the left to 
right shunt or of myocardial ishaemia. An 
operation was performed to reimplant the left 
coronary artery into the ascending aorta and 
close the perimembranous ventricular septal 
defect with a patch. When the aorta was 
unclamped ventricular activity resumed 
immediately without — electrocardiographic 
evidence of myocardial ischaemia. Bypass was 
stopped under stable circulatory conditions. 
However, one hour later the blood pressure 
suddenly dropped and the child died despite 
resuscitative measures. The parents did not 
agree to necropsy. 
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Discussion 

The cardiac malformation in this infant con- 
sisted of an anomalous origin of the left 
coronary artery from the right pulmonary 
artery and a ventricular septal defect. These 
anomalies, the growth retardation before and 
after birth, the microcephaly, and the abnormal 
facial appearance of this newborn infant sug- 
gested that maternal phenylketonuria might be 
the common cause.” ” Grossly raised maternal 
plasma concentrations of phenylalanine soon 
after delivery confirmed the diagnosis. If 
maternal dietary treatment had been started 
before conception’ ™ this child might not have 
been damaged. 

To date there have been five reports of origin 
of the left coronary artery from the right branch 
of the pulmonary artery.™® In our patient the 
left coronary artery originated at exactly the 
same site as discussed by other workers—that is 
0:5-1 cm distal to the bifurcation from the right 
pulmonary artery. In the two cases reported by 
Doty et al and Hamilton et al there were no 
associated cardiac lesions.*’ Surgical correc- 
tion was successful by anastomosis of the left 
coronary artery to the right subclavian artery in 
one child? and by implantation of the 
anomalous coronary artery into the aorta in the 
other.’ Haemodynamic changes resulting from 
an associated ventricular septal defect obscured 
the clinical features of the coronary anomaly in 
the cases reported by Rao et al and by Wilcox et 
al.’ Both children died immediately after 
surgical closure of the ventricular septal defect. 
Necropsy showed the associated anomalous 
origin of the left coronary artery from the right 
pulmonary artery. The haemodynamic basis 
for this fatal outcome was the drop in 
pulmonary arterial pressure when the ven- 
tricular septal defect was closed. This caused a 
fall in coronary artery perfusion followed by 
myocardial ischaemia and death. The same 
mechanism was seen in two children reported 
by Pinsky et a/'': spontaneous reduction in the 
size of a ventricular septal defect resulted in 
myocardial ischaemia and infarction. Earlier 
identification and repair of the anatomical 
abnormality could have prevented the irrever- 
sible myocardial damage in all of these reported 
patients. 
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‘The associated coronary anomaly could have 
been identified in our patient during cardiac 
catheterisation at the age of eight months. Left 
ventricular angiography clearly showed the 
right coronary artery but not the left coronary 
artery. This led to the suspicion of a coronary 
artery anomaly, which was confirmed and 
identified by right ventricular and right 
pulmonary angiography. A cross sectional 
echocardiogram after cardiac catheterisation 
also identified the anomalous coronary artery. 
So the identification of anomalous origin of the 
left coronary from the pulmonary artery in 
patients with ventricular septal defect would be 
increased if every child with a ventricular septal 
defect was examined by cross sectional 
echocardiography to assess the origin of the 
coronary arteries from the aortic root, 
ventricular cineangiography to image the 
arrangement of the coronary arteries, and if 
necessary by aortography. 

In addition, we have started a routine assess- 
ment of coronary arteries by echocardiography 
in every child in our outpatient clinic. We are, 
however, aware that rare anomalies such as an 
origin of an accessory coronary artery from the 
pulmonary artery’ or origin of the anterior 
branch of the left coronary artery from the 
pulmonary artery” will not be excluded by this 
method. 


Henglein, Niederhoff, Bode 
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Thrombosed saccular aneurysm of a sinus of 
Valsalva: unusual cause of a mediastinal mass 


Peter G Reid, John A Goudevenos, Colin J Hilton 


Abstract 

A 33 year old man presented with a short 
history of slight fever and chest pain that 
was worse on inspiration. An electrocar- 
diogram was consistent with pericarditis. 
Chest radiography, echocardiography, 
and computed tomography suggested the 
presence of a mediastinal tumour. At 
operation the mass was found to be atta- 
ched to the right sinus of Valsalva and 
proved to be a large saccular aneurysm 
full of laminated thrombus. 


Aneurysms of sinus of Valsalva often remain 
undiagnosed until they rupture, usually into 
the right ventricle or atrium.' Such aneurysms 
may also present as obstruction of the right 
ventricular outflow tract,’ aortic incompeten- 
ce,’ tricuspid stenosis and incompetence,’ 
coronary artery compression,’ and conduction 
abnormalities.” We describe a patient in whom 
there was evidence of a mediastinal mass. This 
proved to be a thrombosed saccular aneurysm 
originating from the right sinus of Valsalva. 


Case report 
33 year old, previously healthy, non-smoking, 


Figure I 
lateral view showing abnormal shadow superimposed on heart ( arrow 





cardiology registrar referred himself for an 
electrocardiogram because of a 2 day history of 
fever and pain behind the sternum and in the 
right shoulder that was worse on inspiration. 
The electrocardiogram showed concave 
upwards elevation of the ST segment in the 
inferior and anterolateral leads suggestive of 
pericarditis. On examination he looked well but 
had a temperature of 37-8°C. His pulse was 70 
beats/min, regular, and of normal character 
and volume. Blood pressure was 110/ 
70 mm Hg. The jugular venous pressure was 
normal as was precordial palpation. Heart 
sounds were normal and there were no mur- 
murs or rubs. The lungs were clear and the rest 
of the examination was unremarkable. 

A posteroanterior chest radiograph showed 
an abnormal prominence of the right cardiac 
border and a lateral film showed an abnormal 
rounded shadow superimposed on the heart 
(fig 1). A chest radiograph performed 5 years 
before, which we were unable to obtain for 
comparison, had been reported as normal. An 
echocardiogram showed a large rounded echo- 
dense mass adjacent to the aortic root compres- 
sing the right atrium (figure 2a). A small 
rounded echo-free space of uncertain cause was 
noted within the mass. A small amount of 
pericardial fluid was seen. The aortic root and 
valve seemed to be normal. The rest of the 
examination, including Doppler examination 





Chest radiographs of (a) posteroanterior view showing prominent right cardiac border (arrow) and (b) 
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Figure 


1 rounded echo-free space is seen at one pole, Ao, aorta; LA, left atrium; RA, right atrium. 
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a) Cross sectional echocardiogram: oblique scan from second right intercostal space showing a mass (arrows) compressing the right atrium, 


mmf 


f 
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f soft tissue and water densities with some calcified areas. 


of all cardiac valves, was normal. Laboratory 
investigations showed a normal full blood 
count, erythrocyte sedimentation rate, blood 
urea, creatinine, liver function 
tests, and immunoglobulin concentrations. 

A computed tomogram showed a rounded 
mass indenting the right side of the heart. It 
showed a mixture of soft tissue and water 
densities with several calcified areas (figure 
2b). Contrast injection caused considerable 
enhancement of the nodule on the medial wall 
of the mass and the margins of the lesion 
became better defined. A fatty plane seemed to 
separate most of the mass from the adjacent 
aortic root and right heart structures. A germ 
cell tumour was considered to be the most 
likely diagnosis 

The mass was removed surgically 
alter presentation, 


electrolytes, 


4 days 


OPERATIVE FINDINGS 

Fhe mass was situated subepicardially in the 
itrioventricular groove between the right atrial 
appendage, aortic root, and right ventricular 
outflow tract and measured 8 cm across at its 
widest point. It seemed to be well encapsulated 
and was hard and smooth. There was slight 
pericardial inflammation. The mass was dis- 
sected free under cardiopulmonary bypass. It 
was attached by a 2 cm diameter pedicle to the 
right sinus of Valsalva immediately adjacent to 
the origin of the right coronary artery, which 
was rudimentary and was unavoidably opened 
during removal of the mass. A small white 
plaque resembling atheroma was noted on the 
wall of the coronary artery. The left coronary 
artery, which gave rise to a large dominant 
circumflex vessel, seemed to be normal as did 
the remainder of the aorta. 


PATHOLOGICAL FINDINGS 

A 0-5 cm diameter hole in the wall of the mass, 
vhere it had been attached to the aorta, exuded 
blood on pressure. Transection showed that 
the mass had a thin, partly calcified wall and 
was largely full of laminated thrombus. The 


b) Unenhanced computed tomogram showing the mass 


appearance suggested a saccular aneurysm. 
Histological examination showed that the wall 
was made up of fibrous tissue and smooth 
muscle with only a little elastic tissue. There 
was an extensive band of chronic inflammation 
with infiltration by lymphocytes and plasma 
cells. Numerous thick-walled blood 
were seen in this band. There was no evidence 
of neoplasia. 


vessels 


POSTOPERATIVE COURSE 

Che patient’s recovery was uneventful and he 
returned to work after two months. Serological 
tests for syphilis were negative and random 
serum cholesterol, measured four months after 
operation, was 4:0 mmol/l. 


Discussion 

Aneurysms arising from a sinus of Valsalva are 
uncommon and are thought to be most com- 
monly mycouc, arising as a complication of 
infective endocarditis, or congenital in origin. ' 
Other causes include syphilis, tuberculosis, 
Marfan and Ehlers-Danlos syndromes, 
trauma, and other disorders causing aortitis 
such as ankylosing spondylitis. 

Che aetiology in the present case is uncer- 
tain. Congenital aneurysms usually arise from 
the lower part of an aortic sinus and enlarge 
downwards within the heart rather than extend 
outwards into the pericardial cavity.’ Mycotic 
aneurysmis are typically saccular but there was 
no evidence of an infective cause in the present 
case. The inflammation seen in the wall of the 
aneurysm was not accompanied by macro- 
scopic evidence of a more widespread aortitis 
and may have been a secondary development. 
Whatever the cause it is remarkable that the 
aneurysm had attained such a size without 
rupturing, particularly as it lay on the surface of 
the heart. 

Cross sectional echocardiography was useful 
in the diagnosis of unruptured aneurysms of a 
sinus of Valsalva" and computed tomography 
was considered to be the primary means of 
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Aneurysm of a sinus of Valsalva 


distinguishing between para-aortic masses and 
saccular aortic aneurysms although this 
distinction is difficult when an aneurysm is 
completely filled with thrombus.’ Both 
investigations were misleading in the present 
case because such a thrombus was present. In 
retrospect the echo-free space shown by 
echocardiography and the enhanced nodule 
seen on the computed tomogram probably both 
represented a small lumen in the aneurysm 
adjacent to its pedicle. Further investigation by 
aortic angiography might have suggested the 
correct diagnosis. The importance of angiogra- 
phic studies of the right and left heart in cases 
of unusual anterior mediastinal masses that 
may arise from the heart has been emphasised”? 
but these were not considered to be indicated in 
our patient because the non-invasive investiga- 
tions suggested that the mass was a solid 
tumour. 

This case shows that the possibility of a 
thrombosed vascular aneurysm shold be con- 
sidered in the differential diagnosis of an 
apparently solid mediastinal mass. 
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We thank Dr D S Reid for allowing us to report 
on a patient under his care. 
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Pulmonary oedema with shock induced by 
hydrochlorothiazide: a rare side effect mimicking 


myocardial infarction 


Asbjørn Høegholm, Søren W Rasmussen, Kjeld S Kristensen 


Abstract 

The case of a 68 year old man in whom 
hydrochlorothiazide induced pulmonary 
oedema with hypovolaemic shock is 
presented. The condition was misdiag- 
nosed as myocardial infarction until an 
early echocardiogram excluded a cardiac 
cause. The diagnosis was confirmed by an 
oral challenge. 


Case report 

A 68 year old man with a previous myocardial 
infarction was admitted to hospital because 
of sudden severe dyspnoea, chest tightness, 
dizziness, and vomiting. He did not recollect 
taking any drugs. At arrival he was dyspnoeic, 
cyanotic, and sweating. Blood pressure was 60 
mm Hg systolic, pulse 85, and temperature 
36:2 C. Fine crepitations were heard 
bilaterally. Chest x ray indicated pulmonary 
oedema (figure) and the electrocardiogram 
showed sinus rhythm with widespread ST 
depressions. Arterial blood partial pressures 
were pO, 6'7 kPa and pco, 3-5 kPa and the pH 
was 7:33. 

Fibrinolytic treatment was considered but 
echocardiography showed good contraction of 
the left ventricle with signs of hypovolaemia. 
Treatment with albumin and saline was 
started; central venous pressure rose from 7 to 
12 cm H,O and the haematocrit fell from 0-59 
to 0-47. Blood pressure became normal within 
90 minutes. 

In the next few days the electrocardiogram 
and serum concentrations of creatine kinase 
were normal whereas low grade fever, leucocy- 
tosis, and slight generalised oedema were seen. 
Chest x ray showed increasing infiltration 
followed by complete resolution. The patient 
was discharged but one month later he was 
readmitted with identical symptoms. This time 
he remembered taking hydrochlorothiazide (25 
mg) for swollen ankles; earlier he had taken 
hydrochlorothiazide for two years because of 
hypertension. He recovered completely on 
saline alone. No paraprotein was found; eosino- 
phil count, immunoglobulin E, Cl esterase 
inhibitor, radioallergosorbenttest, and his- 
tamine liberation from basophils exposed to 
hydrochlorothiazide were normal. The patient 
consented to an oral challenge with hydro- 
chlorothiazide (12-5 mg) and 30 minutes after 
this dose symptoms developed. 


Discussion 

We found 11 published reports of shock and 
non-cardiogenic pulmonary oedema associated 
with hydrochlorothiazide.'"” The full-blown 





Chest x ray taken on admission showing bilateral 
pulmonary oedema. 


syndrome is only seen when treatment with 
hydrochlorothiazide is resumed after a long 
interval. No other thiazide diuretics seem to be 
incriminated in any of the cases. Our case seems 
to be the first report of challenge with hydro- 
chlorothiazide as the only active compound; 
one other case was challenged with a combina- 
tion of hydrochlorothiazide and triamterene.* 

An immunological pathogenesis has been 
suspected but test results have been equivocal; 
in our case we found no evidence of a classic 
type 1 mechanism. We regard both the 
pulmonary changes and hypovolaemia to be 
caused by extravasation owing to increased 
capillary permeability as in the systemic 
capillary leak syndrome," but with the pul- 
monary vasculature being more sensitive. 

In most cases the syndrome was initially 
misdiagnosed and one case died.’ In our patient 
echocardiographic examination made prompt 
and adequate treatment possible. 
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Absence of the aortic valve cusps with mitral 
atresia, normal left ventricle, and intact 


ventricular septum 
A Cabrera, J M Galdeano, E Pastor 


Abstract 

A case of a previously unreported 
anomaly is presented in which absence of 
the aortic valve cusps, mitral atresia, a 
normal left ventricle, and an intact 
ventricular septum were diagnosed by 
cross sectional echocardiography. The 
development of a normal left ventricle, 
rather than the hypoplastic ventricle 
usually associated with mitral atresia, is 
explained by filling of the ventricular 
cavity via the regurgitant aortic valve. 


Absence of the aortic valve cusps with a normal 
aortic root is a very rare anomaly. To our 
knowledge only three cases have been 
reported.'’* A hypoplastic left ventricle was 
found in all three cases; and in two there was a 
double outlet right ventricle. One case was 
diagnosed in life by cross sectional echo- 
cardiography. This report describes a case of 
absence of the aortic valve cusps with a normal 
left ventricle, mitral atresia, and enlarged 
ascending aorta that was diagnosed by cross 
sectional echocardiography and confirmed at 
necropsy. 

Absence of the aortic valve cusps in associa- 
tion with a normal left ventricle has not 
previously been reported. 


Case report 

A baby weighing 3-5 kg was admitted to 
hospital when he was 12 hours old because of 
respiratory distress. He was the first son of 
healthy parents. Pregnancy was uneventful and 
he was delivered by caesarean section. Apgar 
scores at | minute and 10 minutes were 5 and 10 
respectively. 

On admission the baby had mild respiratory 
distress (60 breaths/min), cyanosis, and a heart 
rate of 160 beats/min. The axillary and femoral 
pulses were normal. He had a systolic-diastolic 
murmur that was heard best at the left upper 
sternal edge. Blood pressure was 70/40 
mm Hg. The liver was not enlarged. A chest 
x ray showed cardiomegaly with dilatation of 
the right atrium and ascending aorta. The lung 
fields were normal. The electrocardiogram 
showed a QRS axis at — 50 with left ventricular 
hypertrophy and alteration of repolarisation. 
Cross sectional echocardiography showed left 
ventricular enlargement with an increase in 
wall thickness and immobile papillary muscles. 


The ascending aorta was very dilated (1-4 cm in 
diameter) and the aortic valve cusps could not 
be found (fig 1). The pulmonary trunk was 
dilated with a dysplastic pulmonary valve. 
Saline was injected through a catheter inserted 
into the aortic arch via the umbilical artery and 
bubbles passed to the left ventricle. 

The patient became increasingly ill and died 
when he was 24 hours old. The necropsy 
showed the following: the heart had a normal 
atrial arrangement; the pulmonary veins 
drained normally into the left atrium and the 
foramen ovalis was patent. The mitral valve 
was atretic with an imperforate valve 
membrane and a concordant atrioventricular 
connection but papillary muscles and chordae 
were present (figure 2a). The three aortic valve 
cusps were absent (figure 2b) but the coronary 
sinuses were normal although the aortic root 
was small. The size of the left ventricle was 
normal for the age of the patient. The ascend- 
ing aorta was dilated and a ductus arteriosus 
was present. The pulmonary valve had three 
cusps, each showing some myxoid dysplasia. 


Discussion 

Patients who have situs solitus, two ventricles, 
a concordant ventriculoarterial connection, 
and atresia of the left atrioventricular valve 
usually have a normal aortic valve and a 
ventricular septal defect.*’ Mitral atresia is 
caused by an imperforate valve membrane at 





Figure } Cross sectional echocardiogram tn subcostal 
long axis view showing a left ventricle with a cavity of 
normal size but with increased wall thickness. The 
ascending aorta was dilated and the aortic ring was small. 
The aortic valves were not seen in systole or in diastole, 
LV, left ventricle; A Ao, ascending aorta; LA, left 
atrium; ma, atretic mitral valve. The black arrow 
indicates the valve ring and the white arrows the 


papillary muscle. AP, apex; BS, base. 
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Figure2 (a A smal! 
left atrium with mitral 
valve atresia. Thi 
pulmonary veins were 
correctly connected. The 
foramen ovale was patent 
FO, foramen ovale. The 
black arrows + ma 
indicate the atretic mitral 
valve, (b) Absence of the 
aortic valve cusps with a 
normal sized left ventricle 
and intact ventricular 
septum. Both coronary 
arteries were present. Ab 
+ black arrows indicate 
the absence of aortic valve 
cusps. A Av, ascending 
aorta 





the cusp level. If the interventricular septum is 
intact the left ventricle is hypoplastic because it 
is not filled by blood from the right side or from 
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the aortic root. The size of the left ventricle, 
however, is normal when there is regurgitation 
of the aortic valve. This regurgitation can be 
caused by a malfunctioning of the aortic valve 
cusps or by their absence, as in our case. When 
the patient was examined by cross sectional 
echocardiography the aortic valve cusps were 
not found and no echoes were detected in the 
zone of the valve ring. The coronary ostia were 
correctly situated in the left and right sinuses. 

In cases of mitral atresia in which no septal 
defect is shown and the left ventricular cavity is 
well developed, aortic regurgitation should be 
Suspected and can be confirmed by either 
continuous flow Doppler or saline contrast 
echocardiography after injection into the aortic 
root. 
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NOTICES 





British Cardiac Society 

The Annual General Meeting will take place at 
the English Riviera Centre, Torquay on 22 to 
25 May 1990. The closing date for receipt of 
abstracts was 19 January 1990. 


Pulsed lasers in angioplasty 

An international workshop on Pulsed Lasers in 
Angioplasty will be held under the auspices of 
the European Society of Cardiology working 
group of coronary flow and angina pectoris in 
Tubingen on 11 and 12 May 1990. Further 
information from Dr K R Karsch, Department 


of Cardiology, Medical Clinic, University of 


Tubingen, Otfried-Miuller-Strasse 10, D-7400 
‘Tubingen, Federal Republic of Germany 


Biomechanics 

The 7th meeting of the European Society of 
Biomechanics will take place in Aarhus on 8 to 
11 July 1990. For further information contact 
Biomechanics Laboratory, Orthopaedic Hosp- 
ital, Randersvej 1, DK-8200 Aarhus N, Den- 
mark; phone +45 8616 7500, extension 4649; 
fax +45 8610 7733 
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Limitations of Doppler ultrasound in the 
assessment of the function of prosthetic mitral 


valves 


John Chambers, Graham Jackson, David Jewitt 


Abstract 

Pressure half time has been assumed to 
be a relatively flow-independent measure 
of orifice area, but it may also be influ- 
enced by atrial and ventricular factors. 
Pressure half time and peak left ven- 
tricular inflow velocity were measured by 
continuous wave Doppler ultrasound in 
164 patients with normally functioning 
Carpentier-Edwards, Bjork-Shiley, and 
Starr-Edwards mitral prostheses. Pres- 
sure half time was shorter in the Bjork- 
Shiley than in the other valve types and 
peak transmitral velocity was highest in 
the Starr-Edwards prostheses. These dif- 
ferences, however, were partly explained 
by coexistent differences in transmitral 
flow. Filling time accounted for 19% and 
stroke volume for 15% of the variance in 
pressure half time compared with only 
56% for prosthetic design and 0:4% for 
annulus diameter when each of these 
variables was considered alone. The 
design of the prosthesis explained 18% of 
the variance in peak transmitral velocity, 
while cardiac output and annulus 
diameter did not contribute significantly. 
With Doppler ultrasound it is impossible 
to define reliable normal ranges for pros- 
thetic function independently of atrial 


and ventricular function. Formulas for 
orifice area based on peak transmitral 
velocity and flow seem more likely to 
reflect the behaviour of normally func- 
tioning prostheses than those based on 
pressure half time. 


There are numerous published reports of mean 
values for pressure half time and peak trans- 
mitral velocity (or derived gradient and orifice 
area) in normally functioning mitral pros- 
theses’ (table 1). The implicit assumption 
has been that dysfunction can be detected as a 
departure from these values, but this has not 
been established and important, unexplained 
inconsistencies remain. 

Pressure half time is assumed to be a reliable 
indicator of orifice area but it rarely correlates 
inversely with annulus diameter and may be 
surprisingly similar in prostheses of widely 
different design.’°'° Furthermore, the mean 
pressure half time for one valve type can be 
highly variable’*’ and is far longer for a tricus- 
pid prosthesis than for a mitral prosthesis of the 
same diameter.’ Evidence is growing that fac- 
tors other than the behaviour of the prosthesis 
may affect pressure half time; these include the 
shape and time course of left ventricular filling, 
stroke volume, and the transmitral pressure 
difference at the start of diastole.'7"° Except for 


Table! Published values for pressure half time and effective orifice area (mean (SD) ) 








Porcine 
Study bioprosthesis 
Effective orifice area (Hatle formula) 
Wilhams and Labowitz"” 21078 
(n= 16) 
Pamidis et al * 220 7) 
(n= 6) 
Sagar er al? 13-19! 
n= 23) 
Fawzy et al‘ £503) 
(n= 14) 
Alam et al * 2005) 
n= 105) 
Cooper et al" 26(0 79° 
n= 25) 
Pressure half ume 
Ryan eral’ 136 (18° 
(n= 29) 
Hatle and Angelsen’ 135 (25)° 
(n= 13) 
Gibbs er al '? 90 (23)° 
(9 = 38) 
Present study 105 (359° 
(n= 78) 


C, Carpenuer-Edwards, H, Hancock. 


Bjork- Starr- 

Shiley Edtoards 
25(08) 20 (03) 

(n= 36) n= 10) 
22(07) 21(05) 

(a= 8) (n= 3) 
21-22 

0=17 

77 08) 127 (24) 

(n=31}) (n=5) 

90 (30) 115 (45) 

(n= 56) (n=30) 


Left ventricular inflow 
recorded by continuous 
wave Doppler DTI, 
diastolic time interval; Th, 
pressure half time; V max, 
peak left ventricular 
inflow velocity. 


early work by Holen et al, no study of pros- 
thetic function by Doppler ultrasound has 
reported flow information. 

The aim of this study was to compare the 
contribution of valve type or annulus diameter 
and blood flow to pressure half time and peak 
transmitral velocity in three different types of 
mitral prosthesis—a porcine bioprosthesis 
(Carpentier-Edwards) and tilting disc (Bjork- 
Shiley) and caged ball (Starr-Edwards) 
mechanical prostheses. 


Patients and methods 

PATIENTS 

A total of 182 consecutive patients with Car- 
pentier-Edwards, Bjork-Shiley, or Starr- 
Edwards prostheses were referred either for 
routine assessment or because dysfunction was 
suspected. Fourteen prostheses were excluded: 
10 because of appreciable aortic or mitral 
regurgitation on continuous wave Doppler and 
colour flow mapping (area of jet (by plan- 
imetry) more than 20% of receiving chamber 
area)’ and four because cusp thickness 
exceeded 3mm.’* No patient had reduced 
occluder motion. Four further patients were 
excluded because recordings were of poor 
quality. Abnormal left ventricular function was 
not a criterion for exclusion. Thirty five 
patients were in sinus rhythm, three were in 
paced rhythm, and the rest were in atrial 
fibrillation. 


DOPPLER STUDIES 

A phased array system was used (Hewlett 
Packard 77020A) with 1:9 MHz continuous 
wave and 2:5 MHz duplex probes. A full 
examınation was performed in all views with 
sector imaging and colour flow Doppler to look 
for abnormalities of cusp or occluder motion 
and for significant aortic or mitral regurgita- 
tion. M mode recordings were taken at stan- 
dard levels. A continuous wave probe was then 
placed at the apex, aimed towards the mitral 
valve, and its position adjusted until optimal 
signal quality was obtained. Left ventricular 
inflow recordings were made on to thermal 
paper run at 100 mm/s. 


STATISTICAL ANALYSIS 
All diastolic measurements were made on the 
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same three cycles in each patient. Most 
waveforms had a non-linear deceleration 
phase. Pressure half time" was therefore cal- 
culated first by constructing a vertical line 
passing through the point of maximum 
velocity. A second line was then drawn parallel 
to the baseline at 0-7 x peak velocity. Pressure 
half time was taken as the distance along the 
second line from the first vertical line to the 
outline of the waveform (figure). The diastolic 
time interval was measured from the start of the 
mitral opening artefact to the midpoint of the 
closing artefact. On long cardiac cycles where 
ventricular filling ended before the end of 
diastole, the filling period was taken to end 
where transmitral velocity had fallen to less 
than 0-2 m/s for more than 200 ms. The filling 
period was shorter than the diastolic time 
interval in 34 (7%) of 492 cardiac cycles in a 
total of 19 patients. In all other instances the 
two periods were of identical length. The RR 
interval was measured from the end of the 
preceding diastolic period (figure). Mean 
values for pressure half time, peak transmitral 
velocity, diastolic time interval, filling period, 
and RR interval were calculated. 

Stroke volume was calculated from M mode 
left ventricular recordings by the corrected 
cube formula described by Teicholz et al,” 
which is not applicable in the presence of left 
ventricular dyskinesis. ‘The formula could not, 
therefore, be applied in four cases. Cardiac 
output was calculated by the equation: 

CO = (SV x rate)/10° a) 
when CO is cardiac output (1/min), SV is mean 
stroke volume (ml), and rate is heart rate 
derived from the mean cycle length over three 
cycles. Transmitral flow was calculated on each 
cardiac cycle from the formula: 

Q = 10° x SVm/DFP (2) 
when Q is flow (ml/s), SVm is mean stroke 
volume (ml), and DFP is diastolic filling period 
(ms). 

We used the SPSS* program on the Univer- 
sity of London computer for statistical analysis. 
It was first performed using the three 
individual values for pressure half time and 
peak transmitral velocity, but this gave results 
similar to those with the mean values for each 
patient. This may have been because there was 
little beat to beat variation in RR interval (F = 
0-97; p = 0-38 by one way analysis of variance). 
Mean values were therefore used for further 
analysis. The factors controlling pressure half 
time and peak transmitral velocity were then 
assessed by multiple regressions by entering 
variables from among the following: diastolic 
time interval, diastolic filling period, trans- 
mitral flow, valve type, annulus diameter, 
cardiac output, presence of aortic regurgita- 
tion. The results for diastolic time interval were 
skewed and required log transformation before 
being analysed. Dummy variables were con- 
structed for prosthetic type and annulus 
diameter. A p value of 0-01 was taken as 
significant for the multivariate analysis. 
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Table 2 Results for all annulus diameters combined (mean (SD) } 





Carpenter- Bjork- Starr- 

Edwards Shiley Edwards 
Variable (nm 78) (n= 56) (n> 30) F value p value* 
T! (ma) 105 (35) 90 (30) 115 (45) 40 <0 05 
V max (m/e) 15 (03) 15(04) 180 3) 191 <0 0001 
RR (ms) 760 (150) 760 (175) 790 (145) 09 
DTI (ms) 365 (130) 395 (140) 440 (120) 24 
Fill (ms) 365 (130) 355 (80) 415 (115) 55 <001 
Age of valve (mnth) 35 a 51 (43) 107 (90) — 
Age at surgery (yr) 59 (13 56 (8) 49 (10) = 

nm 77 n=53 n=30 
SV (mì) 60 (25) 55 (20) 68 (20) 22 
CO (l/min) 48 (18) 46(1 7) 49(19) 26 
Flow (ml/s) 170 (60) 165 (55) 165 (80) 21 


Tj, pressure half ume, RR, RR interval, V max, peak left ventricular inflow velocity, DTI, diastolic ume interval, Fill, diastolic 


filung period; SV, stroke volume, CO, cardiac output 
*By one way analysis of variance 


Table 3 Results for Carpentier-Edwards prostheses by diameter (mean (SD) ) 








27 mm 29 mm 31 mm 33 mm 
Variable (n= 2) (n= 30) (n= 27) (n= 19) F values p value* 
Td (ms) 90 (10) 115 (35) 105 (40) 95 (30) 12 
V max (m/s) 17(07) 15 (03) 15 (0 3) 14(0 2) 08 
RR (ms) 645 (135) 830 (155) 755 (150) 680 (100) 49 <0 001 
DTI (ms) 270 (85) 435 (130) 365 (115) 335 (70) 41 <0 001 
Fill (ms) 270 (85) 405 (105) 355 (100) 330 (70) 42 <0 001 
n=2 n=30 ne 27 n=18 
SV (ml) 45 (15) 60 (20) 60 (30) 60 (20) 02 
CO (l/min) 43 (23) 43(1 6) 49 (2-1) 5 4(1 5) 22 
Flow (ml/s) 180 (110) 145 (50) 180 (70) 185 (45) 29 <0 05 


See footnote to table 2 for abbrevianons 
*By one way analysis of vanance. 


Results 

MEAN PRESSURE HALF TIME AND PEAK 
TRANSMITRAL VELOCITY 

These are shown for each valve type (table 2) 
and by annulus diameter within each valve type 
(tables 3-5). Pressure half time was shorter in 
the Bjork-Shiley prosthesis than in either of the 
other valve types (p < 0 05) and peak trans- 
mitral velocity was highest in the Starr- 
Edwards prostheses (p < 0-0001). The relative 
contribution of prosthesis related and other 
factors was, however, unclear from this 
preliminary analysis because there were coexis- 
tent differences in cardiac output and filling 
period between different valve types and 
annulus diameters. Further multivariate 
analysis was therefore performed to try to 
dissociate these factors. 


MULTIVARIATE ANALYSIS OF PRESSURE HALF TIME 
Filling time and stroke volume were the vari- 
ables that best explained the variance in mean 
pressure half time (table 6). Valve design also 
contributed, but annulus diameter, transmitral 
flow, or the presence of mild aortic regurgita- 


tion did not. All the contributory variab 
together explained 32% of the variari¢e in 
pressure half time. 

Even when each valve type was considered 
separately, annulus diameter did not explain a 
significant proportion of the variance in pres- 
sure half time (Carpentier-Edwards 49%, Fy 72 
= 1-2; Bjork-Shiley 4-5%, F,,5, = 0 8; Starr- 
Edwards 77%, Faa = 1:1). The effect of 
filling time was greater in the Bjork-Shiley 
prostheses (24%, F, s, = 16°7; p = 0:0001) 
than in the Starr-Edwards (20%, Fi, = 67; 
p = 0-016), or Carpentier-Edwards prostheses 
(13%, Fi, 74 = 10-6; p = 0-0017). 

To exclude the possibility that filling period 
was controlled by valve type or annulus 
diameter and that pressure half time could 
therefore be related indirectly to prosthetic 
factors, further analysis of filling period was 
performed. The filling period was strongly 
related to the RR interval (68%, Fy, 12 = 343; 
p < 0-00001) in all three prosthetic designs and 
multivariate analysis showed little contribution 
from valve design alone (5:0%, Fa 16. = 4°25 
p = 0016) or annulus diameter alone (4:0%, 
By i1 = 2 23 p = 0-09). 


Table4 Results for Byork-Shiley prostheses by diameter (mean (SD) ) 











25 mm 27 mm 29 mm 31 mm 33 mm 
Variable (n=1) (n= 18) (n= 19) (n= 13) (n=5) F values 
T} (ms) 100 100 (35) 90 (25) 90 (25) 75 (25) 07 
V max (m/s) 19 16 (0 3) 14(0 4) 16(0 3) 13 (0 6) 14 
RR (ms) 1065 755 (180) 760 (185) 760 (170) 710 (165) 08 
DTI (ms) 615 405 (130) 395 (155) 390 (130) 340 (105) 09 
Fill (ms) 485 360 (70) 350 (85) 360 (80) 315 (70) 11 
n= j n= 18 n=16 nw 1F n=5 
SV (ml) 60 50 (20) 60 (25) 65 (20) 45 (10) 14 
CO (i/min) 34 42019) 50(1 6) §0(1 5) 40 (1 5) 07 
Flow (ml/s) 125 145 (60) 175 (45) 180 (50) 150 (55) 12 


See footnote to table 2 for abbreviations 
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Table 5 Results for Starr-Edwards prostheses by diameter (mean (SD) ) 




















28 mm 30 mm 32 mm 
Variable (n=7) (n= 14) (n=9) F values p value* 
T} (ms) 130 (25) 100 (40) 125 (60) 1-1 
V max (m/s) 18 (0 2) 18(0 2) 19(4) 03 
RR (ms) 840 (85) 740 (170) 775 (190) 05 
DTI (ms) 460 (75) 445 (125) 415 (150) 03 
Fill (ms) 440 (50) 415 (135) 395 (130) 03 

nm7 ne 14 ned 
SV (ml) 70 (10) 50 (15) 70 (20) 69 <001 
CO (l/min) 5 2 (0 9) 41(1 7) 59 (24) 54 <0 02 
Flow (ml/s) 165 (35) 135 (65) 210 (105) 24 
See footnote to table 2 for abbreviations 
*By one way analysis of vanance 
Table6 Results of multrvariate regression analyses of the variance in pressure half time 

Variance Standard 

Variable explained F value p value error 
Diastolic filling ume 19°, 37 <0 00001 33 
Stroke volume 15% 26 <0 00001 35 
Diastolic ume interval na 19 <0 00001 35 
Prostheuc design 8 6%5 46 <0 02 36 
Mean transmitral fow 20°, 20 012 38 
Coexistent aoruc prosthesis 07%, 13 025 37 
Annulus diameter 04°, 02 095 37 
Presence of soruc regurgitation 00 


00 085 37 


MULTIVARIATE ANALYSIS OF PEAK TRANSMITRAL 
VELOCITY 

Prosthetic design, cardiac output, and annulus 
diameter together explained 22% of the 
variance in peak transmutral velocity, of which 
most was explained by design alone (18%, 
(Fo 16 = 17-2; p < 0-00001) ). Cardiac output 
explained only 27%, (Fiisg = 43) and 
annulus diameter alone was not a determinant 
of peak transmitral velocity even within each 
prosthetic design (Carpentier-Edwards 35%, 
Fy 4 = 08; Bjérk-Shiley 60%, Fy s = 1-1; 
Starr-Edwards 2:0%, Fpa = 0 3). The pros- 
thetic designs differed in their response to flow. 
Peak transmitral velocity was weakly but 
significantly correlated with cardiac output 
(r = 0:443; SE 0-24; p < 0-02). 


Discussion 

In the normally functioning mitral prostheses 
in this study, the variability in pressure half 
time was better explained by the diastolic 
filling period and stroke volume than by the 
design of the prosthesis. Annulus diameter did 
not contribute significantly. 


DETERMINANTS OF PRESSURE HALF TIME 
Theoretical work suggests that pressure half 
tıme is related not only to mitral orifice area, 
but also to the transmitral pressure difference 
at the start of diastole, to stroke volume, and to 
left atrial and ventricular compliance.” In a 
flow simulator we showed that the pressure half 
ume ın mitral bioprostheses reflects the shape 
and time course of the left ventricular filling 
curve’? and this can be regarded as a model for 
the effect of left atrial and ventricular com- 
pliance. Altered atrial compliance may also 
explain the deterioration soon after balloon 
dilatation in the correlation between pressure 
half time and the orifice area measured by 
planimetry in patients with native mitral sten- 
osis.” 

The present study gives clinical evidence for 


a relation between pressure half time and both 
stroke volume and heart rate. All variables 
together, however, explained only 32% of the 
variance in pressure half time. Differences in 
ventricular compliance probably accounted for 
part of the residual variability, although inac- 
curacies in measurement or individual patient 
variability may also have contributed. 


EFFECT OF HEART RATE ON PRESSURE HALF TIME 
Morrow et al showed that in native mitral 
valves the proportion of left atrial pressure lost 
in the first 100 ms of diastole was high in pure 
mitral regurgitation, low in pure mitral steno- 
sis, and intermediate in normal valves or in 
valves with combined stenosis and regurgita- 
tion.” This observation led to the concept of 
pressure half time, which was the time taken for 
the peak transmitral pressure gradient at 
cardiac catheterisation to fall to one half.” 
This was thought to be relatively independent 
of flow, but the original data show a large 
scatter in results with pressure half times of 
from 110 to 170 ms over a range of instanta- 
neous heart rates from 63 to 86 beats/minute in 
atrial fibrillation.“ Retrospective analysis of 
these data showed a statistically significant 
inverse relation between pressure half time and 
heart rate." 

An inverse relation between pressure half 
time and heart rate was also found during 
pacing in patients with permanent pacemaker 
systems and mitral prostheses.” Heart rate 
probably affects pressure half time in several 
ways. Orifice area may sometimes increase at 
higher heart rates, although at the cardiac 
outputs seen in the present study most valves 
would be expected to have been fully open.” 
Furthermore, pressure half time also falls as 
rate increases in patients with St Jude bi-leaflet 
tilting disc prostheses, which are expected to be 
fully open at low flows.* Changes in heart rate 
may also affect left ventricular compliance, 
stroke volume, and left atrial pressure.” ” The 
effect of these factors may differ in individuals 


si 


ye 
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because in the present study the observed 
relation between heart rate and pressure half 
time varied widely, Therefore no simple 
correction of pressure half time for rate can be 
possible. 


EFFECT OF ANNULUS DIAMETER AND TYPE OF 
PROSTHESIS 

The inability of this study to show a major 
effect of prosthetic design and annulus 
diameter on pressure half time need not neces- 
sarily rule out an effect of orifice area. In the 
Carpentier-Edwards porcine bioprosthesis 
actual orifice area may vary by about 20% in 
valves of the same annulus diameter” and ın the 
Starr-Edwards valve there is no simple central 
orifice. The Bjérk-Shiley tilting disc pros- 
thesis, however, has an area available for flow 
that ıs expected to reflect the annulus diameter 
more closely, but even in this valve type 
pressure half time was not related statistically 
to annulus diameter. It is possible that the type 
of prosthesis might have contributed more to 
the variance in pressure half time had valves 
with larger orifice areas such as the St Jude 
prosthesis been studied.” If, however, valve 
behaviour were a major determinant of pres- 
sure half time, this should have been found in 
the prostheses studied because these show wide 
differences during in vitro testing.” ” Further- 
more, we found that pressure half time is only 
moderately related to orifice area in vitro.” 
Thus there is good evidence that in normally 
functioning mitral prostheses pressure half 
time does not reliably reflect orifice area. 


PEAK TRANSMITRAL VELOCITY . 

Peak transmitral velocity was most closely 
related to prosthetic design although in the 
Starr-Edwards prostheses it was also affected 
by cardiac output. This result is consistent with 
hydrodynamic work, showing that of the three 
valve types studied the Starr-Edwards offers 
the greatest resistance to flow and therefore 
produces the steepest slope when transmitral 
velocity ıs plotted against flow.” A close 
relation between flow and peak velocity has also 


„been shown in fixed diaphragm obstructions.” 


CLINICAL IMPORTANCE 
The relatively minor effect of prosthetic design 
on pressure half time has important practical 
implications. Numerous studies have attemp- 
ted to define normal ranges for prosthetic 
function based on pressure half time or effec- 
tive orifice area derived from the Hatle formula 
(220/pressure half time) (table 1). Differences 
between studies are likely to be related more to 
atrial or ventricular factors than to prosthetic 
function. Thus the range in mean pressure half 
time reported as normal for Carpentier- 
Edwards prostheses, 90--136 ms, is wider than 
for the three prosthetic designs in this study. 
It is therefore very unlikely that pressure half 
time can reliably detect minor changes in 
prosthetic function. Studies claiming that 
Doppler is highly sensitive for the detection of 
prosthetic obstruction have used patients 
already defined as normal or dysfunctional on 
clinical grounds.’*®® None the less, severe 
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prosthetic obstruction is associated with a 
lengthened pressure half time.’ Furthermore, 
aortic regurgitation has been reported to leng- 
then pressure half time when the mitral valve is 
normal, but to have no effect where there is 
severe mitral stenosis.” ”* These observations 
are consistent with the suggestion that orifice 
area 1s the most important constraint on pres- 
sure half time where there is significant mitral 
stenosis, whereas where the orifice is relatively 
large, other factors will be more important. 
The point at which this transition occurs is not 
yet known. 


This study showed that pressure half time was 
statistically more closely related to diastolic 
filling time and stroke volume than to prosth- 
etic design or annulus diameter. Peak trans- 
mitral velocity was related to prosthetic design 
and in the Starr-Edwards valve also to cardiac 
output. Pressure half tume is unlikely to detect 


small changes in orifice area. Orifice area 


formulas based on transmitral velocity and flow 
such as the Gorlin formula” are likely to reflect 
prosthetic mitral behaviour more accurately 
than the Hatle formula, which should be 
applied with caution in normally functioning 
mitral valve prostheses. 
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Automated non-invasive measurement of cardiac 
output by the carbon dioxide rebreathing method: 
comparisons with dye dilution and thermodilution 


A 
RB Minson, L M H Wing, J P Chalmers 


Abstract 

The accuracy and reproducibility of 
indirect measurement of cardiac output 
at rest by the carbon dioxide rebreathing 
(indirect Fick) method with an 
automated respiratory analysis system 
(Gould 9000IV) were compared with 
simultaneous measurements made in 
duplicate by dye dilution and thermo- 
dilution in 25 patients having cardiac 
catheterisation studies. Measurements of 
cardiac output by the carbon dioxide 
rebreathing method were not signifi- 
cantly different from those obtained with 
dye dilution (mean difference — 0:3 l/min, 
SD 0-76, 95% confidence interval — 0-7 to 
0-1). Thermodilution significantly over- 
estimated cardiac output by a mean of 
2-2 l/min or 39% (SD 1:5, 95% confidence 
interval 1-6 to 2-8) compared with the 
carbon dioxide rebreathing method and 
significantly overestimated cardiac out- 
put by 1-9 I/min or 31% (SD 1-2, 95% 
confidence interval 1-2 to 2:5) compared 
with dye dilution. The reproducibility of 
measurements of cardiac output in 
individual patients was satisfactory with 
the dye dilution method but was poor 
with carbon dioxide rebreathing and 
thermodilution. 

Indirect measurement of resting 
cardiac output by the Gould 9000IV 
automated carbon dioxide rebreathing 
method is more accurate but the 
variability inherent with this method 
requires that multiple measurements 
be taken for each determination. 
Measurement of cardiac output by the 
thermodilution method by a commer- 
cially available cardiac output computer 
was not satisfactory because not only was 
there considerable variability between 
repeat measurements but the method 
also consistently overestimated cardiac 
output compared with the dye dilution 
method. 


Although cardiac output is a haemodynamic 
variable of considerable interest in clinical 
cardiology and cardiovascular research, simple 
and accurate non-invasive methods for its 
measurement have not been readily available. 
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In current practice the indicator dilution 
methods, dye dilution and thermodilution, 
have replaced the direct Fick method because 
of their relative ease and suitability for 
automation.'? The invasive nature of these 
techniques limits their application and accord- 
ingly non-invasive methods including elec- 
trical bioimpedance cardiography,’ echo- 
cardiography,*® radionuclide angiography,° 
and the indirect Fick method’ have been 
developed. These methods can be used for 
serial estimations but are limited by technical 
difficulty or doubts about their accuracy.®® 

The indirect Fick or carbon dioxide 
rebreathing method has been available for 
many years and in general has an accuracy for 
measurement of cardiac output similar to that 
of other methods.’ The Gould 9000IV 
cardiopulmonary exercise system (Gould, 
Dayton, Ohio) is an automated system for 
respiratory analysis that has removed much of 
the technical difficulty in performing indirect 
Fick measurements. It is relatively easy to use 
and is ideal for performing repeated estimates 
of cardiac output in ambulatory individuals.” 

We compared indirect Fick measurements of 
cardiac output made by the Gould 9000IV with 
simultaneous measurements of cardiac output 
made by dye dilution and thermodilution and 
we obtained a measure of the reproducibility 
of each method. Previous studies have 
largely relied upon correlation to compare 
methods.’°'!'* While two estimates may be 
highly correlated the estimates may still show 
poor agreement ın individual subjects.” ! We 
used the method of Bland and Altman” to 
examine the agreement between and the 
reproducibility of different methods for 
estimating cardiac output. 


Patients and methods 

PATIENTS 

We studied 25 patients undergoing diagnostic 
right and left heart catheterisation for valvar 
heart disease or cardiomyopathy. There were 
17 men and eight women (aged 28-80 years 
(median = 67). In all but one a multiple lumen 
thermistor tipped catheter (Swan-Ganz) was 
placed into the pulmonary artery via the right 
femoral vein. The left heart catheter was 
inserted via the right femoral artery. All 
patients were fully informed of the study 
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details and then gave written consent to 
participation. The study was approved by the 
committee on clinical investigation of the 
Flinders Medical Centre. 


CARBON DIOXIDE REBREATHING MEASUREMENTS 
(INDIRECT FICK) 
The Gould 9000IV consists of an infrared 
absorption analyser for carbon dioxide, a 
paramagnetic oxygen analyser, a dry rolling 
seal spirometer, and a microcomputer with an 
analogue to digital converter and a printer. It 
provides measurements of the concentration of 
expired carbon dioxide with resolution to 
0:01% and an accuracy of +01% when 
measuring concentrations from 0 to 10%. 
Minute volume is measured with resolution to 
0-01 I/min and an accuracy of +0-025 l/min. 
These variables have been independently 
validated.’ The analysers and the spirometer 
were calibrated before each study according to 
the manufacturer’s instructions. 

With this method the cardiac output is 
calculated by the equation: 


Cardiac output = Vco,/(Cvco, — Caco,) 


where Vco, is the rate of production of carbon 
dioxide per minute calculated from continuous 
measurements of expired minute volume and 
the concentration of carbon dioxide in expired 
gas. Cvco, is the concentration of carbon 
dioxide in mixed venous blood and Caco, is the 
concentration of carbon dioxide in arterial 
blood. The arteriovenous difference in the 
concentration of carbon dioxide 1s calculated 
by the formula: 

Cvco, —Caco, =11-02(Pvco,°  — Paco,” *™) 
where Pyco, and Paco, are the partial pressure 
of carbon dioxide in venous and arterial blood 
respectively.'** A haemoglobin concentration 
of 150 g/l and oxygen saturation of 95% was 
assumed. The partial pressure of carbon diox- 
ide in arterial blood was estimated from the 
concentration of carbon dioxide in expired gas 
at the end of expiration. The carbon dioxide 
tension of mixed venous blood was estimated in 
a similar way by using the equilibrium 
rebreathing procedure described by Collier.” 
The individual respired from an anaesthetic 
bag filled with a mixture of approximately 10% 
carbon dioxide in oxygen. The volume in the 
bag was fixed at 1:5 times the mean tidal 
volume of the preceding respirations. During 
the rebreathing procedure the end tidal con- 
centration of carbon dioxide was displayed on 
the computer screen so that the operator could 
signal to the computer that a satisfactory 
equilibrium had been achieved. The 
equilibrium value was used to estimate the 
mixed venous carbon dioxide tension. No 
correction was made for differences between 
blood and alveolar tensions.” ®” The 
computer performed all the calculations and 
displayed the estimated cardiac output. 


THERMODILUTION MEASUREMENTS 

Measurements of cardiac output were taken 
using the 7 French pulmonary arterial catheter 
(Swan-Ganz, 93A~151-7F, American Edwards 
Laboratories, Anasco, Puerto Rico) linked to a 


9520A cardiac output computer (Edwards 
Laboratories, Santa Ana, California). Ten ml 
of iced 5% dextrose drawn into a 10 ml plastic 
syringe was hand injected into the right atrium 
via the proximal lumen of the Swan-Ganz 
catheter. The thermodilution cardiac output 
was taken as the value for the second of two or 
three injections. 


DYE DILUTION MEASUREMENTS 

Dye dilution measurements were made with 5 
or 10 mg of indocyanine green (Cardio-green, 
HW&D,; Baltimore, Maryland) (the larger dose 
was used for those with mitral valve disease) 
injected by hand into the right atrium via the 
proximal lumen of the Swan-Ganz pulmonary 
artery catheter. Arterial blood was drawn from 
the proximal aorta through a DC-410 
photoelectric detector with a SW-367 pump 
(Waters Instrurnents, Rochester, Minnesota). 
Cardiac output was calculated with a 
CO-10 cardiac output computer (Waters 
Instruments). 


EXPERIMENTAL PROTOCOL 

All measurements of cardiac output were taken 
at the end of the diagnostic study. The patients 
remained supine and breathed room air via a 
respiratory valve connected by a flexible hose 
to the spirometer of the Gould 9000IV so that 
all expired gas could be collected and analysed. 
Indocyanine green was injected at the onset of 
carbon dioxide rebreathing and this injection 
was immediately followed by the two or three 
injections of thermodilution indicator. This 
sequence was repeated within approximately 
10 minutes. In the patients who were not given 
indocyanine green, the  thermodilution 
indicator was injected at the start of the 
rebreathing procedure. From the 25 subjects 
we obtained 24 duplicate indirect Fick 
measurements with 24 paired thermodilution 
readings, and 19 pairs of measurements for dye 
dilution. This gave 23 comparisons between 
the carbon dioxide rebreathing and thermo- 
dilution methods and 18 comparisons between 
the indirect Fick and dye dilution methods and 
between thermodilution and dye dilution. In 
17 of the patients cardiac output was estimated 
using all three methods. 


ANALYSIS 

For each patient the cardiac output by each of 
the three methods was taken as the mean of the 
two measurements with each method. The 
values of cardiac output ın each subject 
obtained by the three methods were compared 
by analysis of variance in a repeated measures 
two factor design. Individual comparisons 
were made by the Newman-Keuls multiple 
range test. Differences between cardiac output 
values obtained by the three methods were 
examined by the method of Bland and Altman 
in which the individual differences between the 
two methods in each individual are plotted 
against the average value obtained from both 
methods in that individual. The mean, stan- 
dard deviation, and 95% confidence interval of 
the differences were calculated. We also com- 
pared mean values for each method with one 
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Table! Reproducibility of different methods for estemating cardiac output 





Comparison (n) 


Dye,/Dye, Fick, Fick, Thiermai Thermal, 








Mean difference (1/min) between duplicates 


Standard deviation of difference 


Coefficient of repeatability (2 x SD) 


Figure | Differences 
between the first and 
second estimate of cardiac 
output with each method 
plotted against the mean of 
those two measurements by 
dye dilution (a), 
thermodilution (b), and 
indirect Fick (c) 


(19) (24) (24) 

022 -031 —0 39 
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0 88 27 22 


another using scatter plots. 

The accuracy of both the carbon dioxide 
rebreathing and thermodilution methods was 
assessed from the mean differences between 
each of these methods and dye dilution. The 
“limits of agreement” were calculated from 
the-mean difference plus and minus twice the 
standard deviation of the difference such that 
95% of differences were within that range. The 
differences between the values obtained in each 
individual for the carbon dioxide rebreathing 
and thermodilution methods were examined in 
a similar fashion. 

The reproducibility (repeatability) of each 
method was examined by plotting the differen- 
ces between duplicate measurements against 
the average of the two measurements.” The 
mean and standard deviation of the differences 
between the two readings were calculated so 
that the ‘‘coefficient of repeatability’ (twice 
the standard deviation of the differences) could 
be calculated. 


Results 

REPRODUCIBILITY OF DIFFERENT METHODS FOR 
CARDIAC OUTPUT 

For each method there was no significant 
difference between the duplicate measure- 
ments (table 1). For dye dilution all of the 
differences were less than 16% of the mean 
value (fig la). For the indirect Fick method the 
reproducibility was low with only 50% of the 
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differences being within 20% of the mean value 
(fig 1c). For thermodilution reproducibility 
was such that 70% of the differences were 
within 20% of the mean value (fig 1b). 


DIFFERENCES BETWEEN METHODS 

The mean values with the indirect Fick method 
and the dye dilution method were not sig- 
nificantly different, although the limits of 
agreement were wide (table 2) with 28% of the 
differences being > 20% of the mean value (fig 
2a). The mean thermodilution value was 31% 
greater than the dye dilution value (p < 0-001) 
and 39%, greater than that by the indirect Fick 
method (p < 0-001) (table 2). For both com- 
parisons with thermodilution the range of 
differences was wide (fig 2). 


Discussion 

In this study we found no systematic difference 
between estimates of cardiac output made by 
the indirect Fick and dye dilution methods but 
measurements obtained by the thermodilution 
method consistently overestimated the cardiac 
output compared with measurements obtained 
by the other two methods. The reproducibility 
of estimates of cardiac output within an 
individual was significantly worse for 
mesurements obtained by carbon dioxide 
rebreathing or by thermodilution than it was 
for those obtained by dye dilution. The poor 
reproducibility of these two methods con- 
tributed to the wide range of differences seen 
between methods. 

Several factors contribute to the consider- 
able variation seen between repeated 
measurements of cardiac output with any one 
method. One important factor is that the car- 
diac output is not a tightly regulated 
haemodynamic variable such as blood 
pressure” and biological variability between 
measurements is considerable.*” In addition, 
both thermodilution and dye dilution are 
subject to random errors owing to variation in 
the dose of indicator and its rate of injection, to 
the pulsatile nature of blood flow, and to 
variation in the calculation of the area under the 
indicator dilution curve.!%” Thermodilution 
is also subject to variation from the placement 
of the thermistor in the pulmonary artery and 
from physiological variations ın the tem- 
perature of pulmonary arterial blood with 
respiration.’ ** For indirect Fick 
measurements of cardiac output small random 
errors in the estimation of the arterial and 
mixed venous carbon dioxide concentrations 
from the end tidal and the rebreathing 
equilibrium concentrations of carbon dioxide 
can result in relatively large errors in the 
estimate of the arteriovenous difference for 
carbon dioxide concentration.’ This 
problem seems to be less important when the 
arteriovenous difference is large such as during 
exercise, when the carbon dioxide rebreathing 
method has been found to be more reliable.’ ” ” 
Another important source of variation is that 
small deviations in ventilation and alveolar 
carbon dioxide tension can result in large 
changes in carbon dioxide transfer and thus 
carbon dioxide production.” 
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Table 2 Comparisons of different methods for cardiac output 








Fick-Dye Thermal-Dye Thermal-Fick 
Comparison (n) (18) (18) (23) 
Mean difference —0 28 1 85* 2 16* 
(l/min) (95% CI) (=0 s to 0 07) a 24 to 2 47) (1 52 to 2 79) 
Standard deviation of difference re 149 
Lower limit of agreement 160 -06 —0 82 
(95% CI) 4 o to 6-19) 


Upper limit of agreement 
(95% CI) 


(- egies 15) | 18 to —0 08) 
33 


(0.59 to 1 89) (7810 487) (—1 87 to 0 23) 





*p < 0001 


Figure 2 Differences 
between cardiac output 
estunates by two different 
methods plotted against the 
mean of those two 
estimates; indirect Fick 
and dye dilution (a); 
themodilution and dye 
dilution (b); mdirect Fick 
and thermod:lution (c}. 


Apparent differences between estimates of 
cardiac output by any two methods may stem 
both from random variation within each 
individual method (poor reproducibility) or 
from systematic differences between one 
method and another. The dye dilution method 
has been accepted as a “gold standard” because 
no systematic bias has been found between 
direct (oxygen) Fick and dye dilution estimates 
of cardiac output.** Our results for the com- 
parison of indirect Fick and dye dilution 
estimates of cardiac output are consistent with 
such previous observations and with compar- 
isons of the indirect Fick method with dye 
dilution’ ? or with the direct Fick method.''™ 
The thermodilution method is well established 
in clinical practice and is capable of providing 
accurate estimates of cardiac output provided 
that appropriate corrections are made for 
several potential errors.'°* The method is 
subject to overestimation of cardiac output, 
such as that observed in this study, owing to 
loss of indicator before and after injection.'* 
Loss of indicator can be reduced by injection at 
ambient temperature at the expense of a reduc- 
tion in the thermistor signal to noise ratio and 
thus greater variability in the estimate of car- 
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diac output.’ The thermodilution cardiac out- 
put computer used in this study uses a com- 
putation constant to adjust for loss of indicator 
with different Swan-Ganz catheters that is 
derived from an “in vitro study” (product 
literature). The recommended constant may 
not be correct for catheters inserted from the 
femoral vein where the longer intravascular 
course could result in greater loss of indicator. 
None the less, an in vitro study using ther- 
modilution cardiac output computers (includ- 
ing the model used in this study) obtained 
similar overestimates of cardiac output under 
conditions of cold injection and pulsatile flow.' 
The computer used in the present study also 
overestimated cardiac output when compared 
with invasive Fick measurements in another 
study.” Further evaluation of such devices is 
needed before they can be used as a standard for 
comparison with other methods.’ * 

In previous studies comparing different 
methods for estimating cardiac output the 
range of differences between estimates has been 
wide and a considerable number of differences 
were > 25% of the mean value.’ °” The range 
of differences seen in the present study is 
similar to that reported between direct Fick 
and indirect Fick" #” or dye dilution’? 
estimates. Such observations are consistent 
with the inherent variability of cardiac output 
and of the methods available for its estimation. 

We found that indirect Fick estimates of 
resting cardiac output measured by the Gould 
9000IV are accurate but that the variability of 
estimates is large. Averaging of repeated 
measurements is required to achieve a reliable 
estimate of cardiac output in individual 
subjects. 


SAS was a British Heart Foundaton/Australian National Heart 
Foundation reciprocal travelling fellow. AER was supported by 
a scholarship from the Lions Heart Research Foundation of 
South Australia. 
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Bernard A Robinson 1888-1979: an unknown 
pioneer of electrocardiography 


A Hollman 


The important contributions of Bernard A 
Robinson (1888-1979) (fig 1) to the early 
development of the electrocardiograph and of 
other scientific instruments have largely gone 
unnoticed. He is not mentioned in major 
British papers on the history of electrocar- 
diography.'? When I visited him in 1976 I 
was impressed to find that he had kept all his 
working notebooks, which were full of detail 
about the supply and testing of equipment. 
After his death these notebooks and his other 
papers were placed in the Science Museum 
Library, London.‘ They are catalogued in six 
sections: notebooks (ROB1), correspondence 
and historical material (ROB2), internal tech- 
nical memoranda (ROB3), instrument in- 
structions (ROB4), other technical material 
(ROBS5), and printed papers and catalogues 
(ROB6). There is a good deal of useful 
material in this collection not only about the 
early years of electrocardiography but also 
about other electrical mstruments such as the 
Bock-Thoma heat recorder. This paper is 
based on our conversation and on an account 
he gave me of his work with Thomas Lewis. 


Visit to Einthoven 

Robinson studied physics and electrical 
engineering in London and in 1905 he joined 
the Amalgamated Radio Telegraph Company 
at Cullercoats near Newcastle upon Tyne. 
Early in 1907 the company sent him to Profes- 
sor Willem Einthoven’s department in Leiden 
to obtain a model of the string galvanometer 
that Einthoven had invented in 1901.° With 
the use of this instrument the earliest high 
speed radio-telegraph messages were trans- 
mitted at 110 signals per minute from New- 
castle to Copenhagen and he became the first 
person to hear speech sent across the North 
Sea. He recalled that there were several 
models, all neat and about 6 inches high, with 
gold or platinum strings. Einthoven gen- 
erously gave original electrocardiograms to 
Robinson and also copies of his articles, one of 
which (ROB5/1) is notable because the 16 
pages are handwritten by himself (fig 2) in 
excellent colloquial English despite being a 
translation of a German paper.’ Professor H A 
Snellen kindly identified this reference and 
writes, “Einthoven certainly had a gift for 
languages. He learnt English, German and 
French at high school, and Latin and Greek 
afterwards. Later in life he was often heard to 





Figure 1 B A Robinson circa 1925. 


quote Latin authors. As you probably know 
he often published the same material two or 
three times in different languages with rather 
slight changes or even just translated literally. 
His teacher, Donders, often did the same, in 
contrast to Lewis.” It is said that Einthoven 
perfected his English by reading a chapter of 
an English classic in bed every night.” It is 
certainly a tribute to the warmth of 
Einthoven’s personality that he went to so 
much trouble for a young non-medical visitor. 


The Cambridge electrocardiograph 

The Cambridge Scientific Instrument 
Company had a royalty agreement with 
Einthoven to manufacture his string gal- 
vanometer and W D Duddell, FRS, inventor 
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plied to the Gutta Percha Company for elec- 
trical research—a reminder that Einthoven’s 
invention benefited non-medical disciplines 
too. But for clinical work an entire assembly 
with all the associated equipment was re- 
quired and the first complete Cambridge elec- 
_ trocardiograph “outfit,” as Robinson called it, 
was made in 1911 and sent to Dr (later Sir) 
Thomas Lewis. Robinson had been recruited 
by Mr Robert Whipple to take charge of this 
development and he started work at 
Cambridge early in 1912 as assistant to Mr 
(later Sir) Horace Darwin? 
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types together before being put into production. 
From then onwards Lewis only used Cambridge 
equipment. Thus the Cardiograph became a unified 
Outfit and each one supplied strictly up-to-date. 
Lewis was 31 and I was 24 when I started 


Figure 2 Page lofa 16 page manuscript with the ; . 
annotation “Written by Prof Einthoven to B.A.R.” It 1s working with him and that was an education bo 
a translation of the article “Ein neues galvanometer.’” It itself. During the three years I was associated with 


reads .. him so closely I never once saw him ruffled. He had 

A new galvanometer by W Einthoven a most equable temperament. Slim in figure, those 
Principle and Theory. penetrating eyes under heavy eyelashes were very 
The Instrument to be described ın this notice, and expressive. Always quietly speaking, when anything 
which may be called the String Galvanometer is based went wrong we would look at each other and 
upon the well known Principle of the moving insunctively felt “Come on let’s try again’? He had 
conductor in a fixed magnetic field. The moving infinite patience and there was much affection be~- 


conductor consists of a silvered quartz fibre which like 


a thread is suitably stretched ın between the poles of an tween us. He once told some visitors, “When 


Electromagnet. On sending a current through the ‘BAR’ is here the instruments always behave; so 
string the latter deflects vertically to the lines of force when he is away his photo hangs up”. 
whilst the deflection 1n the centre of the string can be Most of the work at that tme was done on 


directly measured with the aid of a microscope with an anaesthetised dogs and Lewis was most careful that 
Br TCTOMeELeL they were tenderly treated before being “put 
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One of the major difficulnes encountered by the 
Instrument Company in 1912 was the production 
of the “strings” for the galvanometers Einthoven 
used quartz and then electrically bombarded from a 
silver electrode to obtain the conducting surface. 
This was a slow process especially when the fin- 
ished strings were required to be 150 mm long and 
3 u diameter. The most urgent task therefore at that 
tme was to produce strings! Compared with 
quartz, soda-lime glass was not only much easier to 
draw but also took the silver plating better using 
the silver nitrate-Rochelle Salt formula. They were 
equally satisfactory in the galvanometers. Much 
work was done trying pure metals and other 
materials but finally silvered glass strings were 
standardised. The glass was drawn down to 1-1/2 
to 2 u, then silvered with 1/2 u coating and finally 
burnished before mounting. The burnishing was 
necessary to consolidate the spongy coating and 
give a clean cut edge for photography. At a later 
date I concluded that maximum sensitivity was not 
required but rather minimum time period for car- 
diograph work. I cut the length of the strings down 
to 100mm and resistance of about 3000 ohms. 
Lewis made a number of tests and agreed, so they 
became standard for all outfits from 1913 onwards. 
Thus also had the advantage of speeding up produc- 
tion. From 1912 to 1919 all strings were made, 
mounted, and tested by myself. To a large extent 
this was due to War conditions and the difficulty of 
obtaining sufficient skilled personnel. 

Before 1920 it was my prerogative to see every 
Outfit in Great Britain properly installed and the 
Heart Specialist tutored in its operation. This led 
to many friendships with the Giants of those days 
such as Prof. A D Waller; Sir James Mackenzie; 
John Parkinson; John Cowan of Glasgow; Hay of 
Liverpool; Ritchie of Edinburgh; Wardrop 
Griffiths of Leeds; Professor Ernest Rutherford 
when at Manchester and at the Cavendish; and a 
host of others. 


Figure 3 Mackenzie-Leuns ink writing polygraph. 
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In the early days when dealing with human 
panents Lewis sometimes would take simultaneous 
Mackenzie Polygraph and Einthoven records. Early 
in 1914 J suggested to Lewis that the pneumatic 
system of the Polygraph was not designed for 
maximum sensitivity. He immediately took me 
round to Mackenzie in Harley Street to discuss the 
matter. Mackenzie agreed with me and it was 
decided to redesign the instrument. The first new 
model was tested out by Lewis in July 1914 and 
fully approved. It was known as the Mackenzie- 
Lewis Polygraph in honour of these two great 
savants. However only five were made owing to the 
emergencies of the War requiring all instrument 
production for war purposes. Three of the five were 
believed to have been destroyed during the Second 
World War 

In the early days as cardiograph outfits became 
an essential equipment for Specialists so the 
analysis of records obtained often involved con- 
siderable ingenuity. I frequently received records 
staing that the sender could not decipher them and 
stating that it was “a quite unusual case”. They did 
not like to send them to Lewis as they did not like 
to show their ignorance! The two main causes were 
either they had inserted the plate with the emulsion 
side reversed in the carrier, or else the right arm, 
left arm leads reversed by thinking of their own 
limbs instead of their patient. They were happy 
days of pioneering but very time absorbing when 
one was working all hours, seven days a week, 
under War conditions. 


Robinson’s warm account of Lewis’s 
personality contrasts with the experience of 
others who found him difficult to know, im- 
patient, and short tempered. Possibly co- 
workers with something to offer were more 
readily accepted as Paul White discovered 
when he showed Lewis how to use the slide 
rule. But it does emphasise Pickering’s com- 
ment that those who gained his friendship 
knew a warm hearted man. 


Robinson’s expertise 

Robinson’s association is not mentioned in any 
of Lewis’s papers nor is he acknowledged as 
part author of Chaper 1 of Clinical Electrocar- 
diography but without his technical expertise 
Lewis would probably not have readily accom- 
plished the work on the excitatory process in 
the dog’s heart which won him his FRS. The 
new design of the polygraph was done entirely 
by Robinson who supervised its construction at 
Cambridge. Luckily he had kept an unused 
model and this (fig 3) is now in the Wellcome 
Museum of the History of Medicine at the 
Science Museum in London. The use of hard 
glass instead of quartz for the galvanometer 
string is not well known and its introduction 
was due to the invention in 1913 by Dr Keith 
Lucas of an electric heater to draw out the 
glass.” 

The photographic recording of the elec- 
trocardiogram with the Cambridge apparatus 
was usually done on a glass plate but, like the 
Edelmann company, they also supplied a 
camera with a long roll of photographic paper 
which was very useful for arrhythmia analysis. 
Robinson again showed his technical ingenuity 
by inventing an automatic developing process 
for the paper which he called ‘‘photo-tape.”’ He 
wrote a useful paper with illustrations on 
electrocardiography in 1914.° 
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Bernard A Rotinson 1888-1979 an unknown pioneer of electrocardiography 
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Figure4 Twin channel electrocardiograms from a dog’s 
heart. From the inter-atrial septum and lead IT (lower 
trace). (Philos Trans R Soc Lond {Biol} 1914; 205: 
plate 40). 


Mackenzie and Osler 

Robinson had first met Sir James Mackenzie in 
Waller’s laboratory in 1912 and in February 
1913 visited him at 133 Harley Street and was 
taken out to dinner. Soon afterwards he ins- 
talled a Cambridge electrocardiograph there 
and recalled that “I took a number of cases for 
him and met Sir William Osler, Dr. John Hay, 
Dr. Bertrand Dawson and Dr. Wilham Price all 
seeing the new instrument and it was my 
privilege to teach all the above at a later date 
how to use the electrocardiograph.” His 
notebook (ROB1/4) records that plate camera 
No 25147 was sent to Osler at Oxford on 16 
October 1914 and this must have been a repair 
or replacement because Osler was supplied 
with an electrocardiograph on 1 January 1912. 
But it was the 9th edition in 1920 of Osler’s 
textbook edited after his death by T McCrae 
that first contained illustrations of electrocar- 
diograms and they are not Cambridge record- 
ings. Also in 1914 the Cambridge Company 
produced a double string carrier designed by 
W H Apthorpe that enabled two simultaneous 
recordings to be made with one galvanometer. 
Lewis used this extensively for his work on 
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dogs (fig 4) and for phonocardiography (fig 5). 
One was sent to Einthoven in October 1914 but 
it seems doubtful if he ever used it. Professor 
Snellen writes, “As far as Einthoven’s own 
galvanometer is concerned the ones he used 
were always made ın his own laboratory with 
parts which he bought from specialised firms. 
When I worked in his laboratory three years 
after his death the room for electrocardiogra- 
phy was still intact but I saw only successive 
models of his own string galvanometer.” 

He was closely associated with Mackenzie 
too at the London Hospital whose outfit was 
installed in 1914. He recalled that “he was a 
very genial man that was the great thing about 
Mackenzie. I mean to say he would crack a joke 
about all sorts of things. He was a very charm- 
ing man to talk to and work with.” He admired 
“the marvellous John Parkinson” and related a 
remarkable incident involving him. 


Factitious bradycardia at the London 
Hospital 

For a demonstration Parkinson produced a 
healthy looking man of 26 and Robinson was 
dismayed to find a heart rate of about only 30 
per minute. He thought something had gone 
wrong with the instrument but was im- 
mediately told that the patient was puzzling 
them and further that there were another nine 
apparently healthy young men with a similar 
rate. Electrocardiograms were taken from all of 
them and when repeated after 18 hours in 
hospital the heart rate was normal. Being 
unable to provide a medical explanation Park- 
inson asked Robinson to tackle the problem 
from the lay point of view. “‘After a time I got 
out of them that they were doping themselves. 
It was difficult to find out what was the dope 
because they did not wish to give it away but 
eventually they said it was the photographic 
chemicals metol and hydroquinone.” They 
were simulating illness to avoid military 
service. 


Robinson’s papers in the Science 
Museum Library 
By 1915 the Cambridge Scientific Instrument 


Company had made 35 complete electrocar- 
diograph outfits and details of testing them are 
recorded in his two notebooks each of 254 pages 
(ROB1/3 and 1/4) that run from July 1912 to 
November 1918. These outfits went all over the 
world—for example, to Western Australia, 
Japan, Russia, India, France, and Canada, with 
10 going to the USA. In addition, galvan- 
ometers only were sold, one of special construc- 
tion being made for the Marconi Radio 
Telegraph Company. Other Cambridge equip- 
ment 1s also mentioned in the notebooks and 
includes the Duddell thermo-ammeter, a 
universal electrometer sent to Patna, an optical 
pyrometer, a thermo-couple potentiometer, 
and a sphygmo-oscillograph. 

His correspondence (ROB2) is from 1952 to 
1974, There are letters to the staff at Cam- 
bridge such as S L Barron and A F Wolfe and 
these contain valuable material on early elec- 
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Figure 5 Simultaneous recording of the heart sounds of the fetus and the 
i i of the mother made by Thomas Lewis in 1914. (Fig 5 in Barron 
J. 
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trocardiographic work and its pioneers. In one 
of them he tells of re-soldering a string for Sir 
William Hume “‘i.e. 45 years with the galvol”’ 
Several letters between Dr George Burch and 
himself relate to the placement of historical 
artefacts in the Tulane University Museum. 
The internal technical memoranda (ROB3) 
contain material on the Bock-Thoma Universal 
Recorder. Instrument instructions (ROB4) 
include a description in 1913 of the use of 
electrodes made of sponges soaked in zinc 
sulphate and sodium chloride as a substitute for 
the current method of immersing the limbs in 
salt solution. The section labelled “other tech- 
nical material” (ROB5) has a 32 page typescript 
from Einthoven (ROB5/2) entitled ‘“Addi- 
tional appreciations concerning the string 
galvanometer.” The final section on “‘Printed 
papers and catalogues”? (ROB6) is large and 
interesting. It contains three historical 
accounts of the Cambridge Company and five 
monographs, 12 catalogues, and seven con- 
struction booklets issued by them. There are 
also four long papers on the electrocardiogram 
by Dr M Edelmann, two papers by Robert S 
Whipple, and a signed reprint from Einthoven. 


Later work in industry 

During the first world war he was also closely 
involved with the design and production of 
instruments for gun ranging and at the end of 
the war he was appointed resident technical 
engineer for Cambridge at Newcastle upon 
Tyne. His work now was with industry and 
included equipment for locomotive testing and 
the automatic control of blast furnaces. He 
became a member of the Institution of Elec- 
trical Engineers and contributed two compre- 
hensive papers to their journal. One dealt with 
the development of methods of measurement!’ 


Hollman 


and the other with electrical measuring in- 
struments.'!! In the second world war he 
supervised the accuracy of Cambridge equip- 
ment used in ordnance and munition factories 
and after it he marked his retirement with an 
article that sumrmmarised 50 years of scientific 
instrument manufacture.” 


Personal affairs 

He and his wife, who had one son, were 
prominent in church affairs and they initiated a 
widely praised mission at Hexham, Northum- 
berland, which they ran for 23 years. He was a 
diocesan reader for 58 years and was also a 
senior member of the British Red Cross 
Society. 


Tam indebted to Mr Alan Osborne for introducing me to Mr 
Robinson. 
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Balloon dilatation of the aortic valve in adults: 
a surgeon’s view 
Tom Treasure 
There can be no more fascinating problem in surgery than the relief of pathological conditions of 
the valves of the heart. 
A Souttar wrote this to introduce his account of obtained by balloon dilatation. To the sur- 
_ the first mitral commissurotomy, performed geon at least, it seems inherently unlikely. 
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in The London Hospital in 1925. He pushed 
on the door that might have opened the way to 
valve surgery but it was kept securely shut.' 
Souttar still has his detractors—and true, 
there was more mitral regurgitation than 
would have been ideal both before and after 
this operation—but rather than listen to the 
oral tradition which seems to have grown up 
around this early attempt to open a stenotic 
valve, read his paper. He knew exactly what 
he was doing, as regards the surgical 
approach; the hazards of interfering with 
cerebral perfusion; and, in particular, what he 
was doing to the valve. Opinions on the 
“mechanism” of aortic balloon dilatation 
show much less insight.” And yet it was firmly 
believed for many years afterwards that relief 
of mitral stenosis would not help the patient. 


One of the sceptics, Sir Thomas Lewis (the ' 


“father of clinical science”) wrote in 1943: 
“Although many symptoms may be com- 
plained of by the patients suffering from 
mitral stenosis, there are none that can be 
ascribed properly and usefully to this 
deformity of the valve”, an opinion proved 
wrong within a decade as closed valvotomy 
transformed the lives of thousands. 

On the subject of aortic stenosis Lewis 
wrote: “There are no symptoms of aortic 
stenosis” and dismissed the subject with 
extreme brevity. We now have a more 
mechanical and less philosophical view of the 
heart, at least as far as valve disease is con- 
cerned. Relief of aortic stenosis improves 
symptoms, lengthens expectation of life," and, 
even in those who do not complain of symp- 
toms because the progress of their disability is 
insidious, valve replacement improves well- 
being and exercise tolerance. The point at 
issue is whether these benefits can also be 


Video pictures (screened in 1988 at the British 
Cardiac Society meeting) of balloon dilatation 
performed in vitro on excised valves did 
nothing to counter my prejudice against this 
procedure.’ 

Brock led his contemporaries in attempts at 
closed aortic valvotomy and reported on 20 
cases to the British Cardiac Society in 1954° 
but the results were mechanically unsatisfac- 
tory. Relief of obstruction may result from 
commissurotomy of an otherwise flexible 
valve (as in mitral stenosis) but the type of 
aortic valve that we remove in elderly patients 
is usually a craggy, rigid, and completely 
hopeless looking structure. But to reject 
balloon dilatation because in theory we do not 
think that it should work is to treat enterpris- 
ing cardiologists in the way Souttar was 
treated by his colleagues. 

Protagonists of balloon dilatation report 
benefit not attended by the level of mortality 
that one might have feared. In recent series 
that included some severely compromised 
patients”? there were eight early deaths in 
130 patients (70% confidence interval 4%- 
9%). This resembles the surgical (30 day) 
mortality which has varied between 4% and 
6% between 1980 and 1985. Stroke is rare, 
although vascular damage at the site of access 
was not uncommon. Getting the patient out of 
the catheter laboratory alive and without a 
stroke is creditable, but a more useful index of 
mortality is the proportion of patients that are 
alive at a year. In one series the mortality was 
28% at six months and 55% at a year.’ 
Sprigings et al reported that less than half 
their patients were alive at a year.” 

We also need to look carefully at the indices 
of success. The mean of the mean gradients 
falls by 31-41%, but the truth might be hidden 


in all that averaging. First of all, the arithmetic 
mean is inappropriate for skewed data. In two 
papers where the raw data are available’ '° the 
preoperative mean gradients (86 and 84 mm 
Hg) are influenced by high outliers, and the 
medians (70 and 75 mm Hg) may be more 
representative. More serious is the exagger- 
ation of results by the enthusiastic use of p 
values, Any test of difference, and the popular 
paired ¢ test has been used repeatedly both for 
gradient and valve area, will be highly “‘sig- 
nificant”, however small the improvement, 
provided all changes are in the same direc- 
tion,“ which must be the case unless a 
substantial proportion of the valves become 
worse. Thus all the statements that the gradient 
is significantly reduced, or the:valve area is 
significantly increased mean very little. The 
preoperative valve areas are estimated to be, on 
average, 0-5 cm’. The median valve area 
immediately after the procedure was 0-73 cm? 
in 100 cases from five studies*"! > *° so although 
the p value for difference may have been 
<0-0001" or even <0-000001" by the paired t 
test, only 10 out of 100 cases had an aortic valve 
area of more than 1-0 cm’ after dilatation. Most 
still had severe aortic stenosis. The result for 
442 patients in the French register was similar, 
with an increase in valve area from 0-48 cm? to 
0-80 cm.” Furthermore, these are early 
estimates of increased valve area which are not 
reproducible if the patient is restudied a week 
or more later.'?'°'® Whether this ig because of 
loss of actual benefit'® or because the early 
measurements are inaccurate because of 
reduced flow is a matter of conjecture. 

So we are no longer discussing a means of 
relieving aortic stenosis but, at best, of creating 
a margin of benefit sufficient for some specific 
purpose. For example, if a patient with aortic 
stenosis needs other emergency surgery 
balloon dilatation may produce enough 
improvement to permit anaesthesia, and this 


seems to be a reasonable approach.” ? Also 


improvement in a patient with very low cardiac 
output may make valve replacement safer.”! 
Balloon dilatation does not seem to be justified 
in patients with terminal carcinoma’ whose life 
it might extend long enough for them to die of 
something worse. The risks of balloon dila- 
tation are higher in the elderly” and age is not 
in itself a barrier to definitive valve 
replacement if relief of stenosis is justified on 
other grounds.?"™ In one of the earlier series 
five out of eight patients subsequently had 
surgery” so there is some leeway in judging 
suitability for operation. 

In fairness, I must say that all the groups that 
I have quoted were very guarded in their 
remarks about balloon dilatation and indicated 
the relatively poor relief of stenosis and the 
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short duration of benefit.” '*'* Only two of the 
32 patients studied by Sprigings et al had 
lasting benefit.” It seems that the indications 
are already limited and enthusiasm is on the 
wane. 
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Balloon dilatation of the aortic valve in adults: 


a physician’s view 


K J Beatt 


The treatment of symptomatic aortic stenosis 
in elderly patients by percutaneous balloon 
dilatation was introduced by Cribier in 1985 
although the procedure had already been used 
successfully in children with stenosis of the 
pulmonary and aortic valves. Until 1985 the 
only effective treatment was surgery—aortic 
valvotomy or aortic valve replacement. In the 
elderly, aortic valve replacement is associated 
with considerable morbidity and perioperative 
mortality ranging from 3%' to 18%? with 
even higher rates (23%) in patients who are 
more than 75 years old.’ Most of the reported 
series were completed some time ago and may 
not reflect current surgical practice. But 
patients in any surgical series have been selec- 
ted because they are a good risk; whereas 
balloon dilatation of the aortic valve is gen- 
erally performed in patients who are regarded 
as high risk candidates for surgery or who 
have been refused surgical treatment. The 
main purpose of invasive treatment is to 
relieve symptoms; one year survival of 
untreated elderly patients is as low as 57%,‘ 
and even after successful valve replacement or 
successful balloon dilatation survival cannot 
be expected to be greatly improved. 

Percutaneous balloon dilatation of the aortic 
valve is currently performed by various 
related techniques that have become increas- 
ingly refined. The technique is simple to 
perform but as with other interventional 
procedures the results and complication rates 
reflect the experience of the operator. This 
point must be taken into account in interpret- 
ing some of the reported series and in assess- 
ing the value of the technique. For example in 
two of the larger series of patients treated by 
balloon dilatation, one from Europe’ and the 
other from the United States,° mean aortic 
valve areas increased from 0-49 to 0-93 cm? 
and from 0-6 to 0-9 cm’, with 41% and 19% 
of patients having an aortic valve area greater 
than I cm?, a value widely associated with a 
good chance of a favourable medium term 
outcome. In contrast some series report valve 
increases as small as from 0-41 to 0-60 cm’, 
which cannot be expected to produce sus- 
tained haemodynamic improvement. These 
small increases may be related to the use of a 
single, possibly undersized, balloon. 

Reliable assessment of the results is ham- 
pered by the lack of a sufficiently precise 
method of assessment. Echocardiography in- 
cluding Doppler assessment is not sufficiently 


objective and variations in both the pressure 
gradient and the calculated valve area are 
exaggerated by the large changes in flow and 
filling pressures that occur during the 
procedure. We need a better method of distin- 
guishing between a poor result and restenosis 
of the valve. 

The mechanism by which dilatation 
achieves the improvement is not well under- 
stood. In elderly patients aortic stenosis is 
usually caused by degenerative changes. The 
valve leaflets are rigid, often with extensive 
calcification. In general commissural fusion is 
not an important factor. Therefore the com- 
missural splitting produced by balloon dilata- 
tion, which is known to be important in 
rheumatic aortic stenosis, is of little relevance 
in calcific aortic stenosis. The most commonly 
accepted explanation for the improvement 
after balloon dilatation, which is based on 
limited experimental evidence, is that a com- 
bination of stretching of the aortic valve ring 
and fracture of the calcified “skeleton” of the 
valve increases the mobility of the valve 
leaflets. In the absence of any more dramatic 
mechanism of action it is perhaps not surpris- 
ing that only relatively modest increases in 
valve area are recorded. None the less, 
because of the curvilinear relation between 
aortic valve area and valve gradient small 
increases in valve area produce important 
haemodynamic and functional improvement. 

Balloon dilatation of the aortic valve is 
associated with a mortality of about 1% and 
an in-hospital mortality of <5% (most deaths 
are caused by progressive heart failure). 
Minor complications of gaining arterial access 
at the femoral puncture site are common and 
because they may lead to a general anaesthetic 
being required in frail elderly patients their 
effects on outcome should not be under- 
estimated. Complications—such as stroke, 
myocardial infarction, tamponade, and aortic 
regurgitation—are less frequent but not in- 
significant. If the procedure were curative the 
complication rate would be acceptable, but 
long term follow up showed that the short 
term benefits are not well maintained. A study 
by Commeau et al found that at repeat cardiac 
catheterisation eight days after dilatation most 
of the initial benefit had been lost though 
there was still significant improvement over 
values before dilatation.” Most studies show 
that at six months only 50% of patients con- 
tinue to benefit from the procedure and in 


selected patients the mortality at one year 
may be no different from that in untreated 
patients." However, comparisons of this type, 
of the total population with high risk sub- 
groups, may give rise to misleading con- 
clusions and this comment is relevant to all 
comparisons of operations of the aortic valve. 
Most of our patients with recurrence of symp- 
toms were operated on and, despite initial 
reservations by the surgeons, all have done 
well.’ There is little doubt that the introduc- 
tion of percutaneous balloon dilatation of the 
aortic valve has stimulated the surgeons to 
review their indications for aortic valve 
replacernent in the elderly, and that this has 
resulted in a less conservative approach to 
these patients in many centres. 

The technique of percutaneous balloon 
dilatation of the aortic valve is still being 
developed. In children or in patients with 
small aortic roots it has been shown to be of 
value. The group of patients who are likely to 
benefit most from this procedure are the 
thousands of younger patients in developing 
countries who die each year of untreated 
rheumatic aortic stenosis. Most of these 
patients do not have the opportunity to have 
surgical treatment and this is unlikely to 
change soon. The use of imaging techniques 
such as intravascular ultrasound, which is 
capable of producing high resolution images 
of valve leaflets, may allow more effective 
non-surgical treatment. The ability to 
perform selective commissurotomy and 
immediately to assess both the functional 
result and the anatomical result will lead to 
renewed interest in balloon dilatation. 
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Currently balloon dilatation can be expec- 
ted to produce immediate symptomatic relief 
with acceptable complication rates in most 
patients. Long term success is low in the 
elderly and the technique cannot be con- 
sidered as an alternative in those who are 
suitable candidates for surgery. Appropriate 
patient selection is crucial and the procedure 
is perhaps most useful in providing a 
“bridge” to surgery. It should be performed 
in a limited number of centres by experienced 
operators who are able to maintain their 


expertise by operating regularly. 
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Relation of filling pattern to diastolic function in 
severe left ventricular disease 


Kelvin S K Ng, Derek G Gibson 


Abstract 

M mode and Doppler echocardiograms, 
apex cardiograms, and phonocardio- 
grams were recorded in 50 patients with 
severe ventricular disease of varying 
aetiology to examine how left ventricular 
filling is disturbed by cavity dilatation. 
The size of the left ventricular cavity was 
increased in all with a mean (SD) trans- 
verse diameter of 7-2 (0°8) cm at end 
diastole and 6:3 (0-8) cm at end systole. All 
were in sinus rhythm and 35 had func- 
tional mitral regurgitation. In nine 
patients, in whom filling period was < 170 
ms, transmitral flow showed only a single 
peak, representing summation. In the 
remainder there was a strikingly bimodal 
distribution of filling pattern. In 12 the 
ventricle filled dominantly with atrial 
systole (A fillers). Isovolumic relaxation 
was long (75 (35) ms) and wall motion 
incoordinate; mitral regurgitation was 
present in only one. In most (29) the left 
ventricle filled predominantly during 
early diastole (E fillers). Mitral regur- 
gitation, which was present in 26, was 
much more common than in the A fillers, 
while the isovolumic relaxation time (10 
(24) ms) was much shorter and the nor- 
mal phase relations between flow velocity 
and wall motion were lost. In 24 E fillers 
no atrial flow was detected. In four there 
was no evidence of any mechanical acti- 
vity, suggesting “atrial failure”. In 20, 
either the apex cardiogram or the mitral 
echogram showed an A wave, implying 
that atrial contraction had occurred but 
had failed to cause transmitral flow, 
showing that ventricular filling was 
fundamentally disturbed in late diastole. 
A series of discrete abnormalities of fill- 
ing, beyond those shown by Doppler 
alone, could thus be detected in this 
apparently homogeneous patient group 
by a combination of non-invasive meth- 
ods. The presence and nature of these 
abnormalities may shed light on under- 
lying physiological disturbances. 


Myocardial anatomy is abnormal and function 
disturbed when the cavity of the left ventricle is 
dilated. The amplitude of endocardial motion 
and in particular the extent of wall thickening 
are uniformly and strikingly reduced, and 
mitral regurgitation is often present. Although 
these findings are usually attributed to 
impaired systolic function,’ they might also 


interfere with ventricular filling in ways that 
could throw light on the underlying abnor- 
malities of diastole. We therefore recorded 
transmitral flow velocity patterns in a large 
series of these patients and considered them not 
on their own but with other non-invasive 
measures of diastolic function to see how they 
are related to one another. We also examined 
how the different filling patterns are dis- 
tributed across the group as a whole, and 
correlated these patterns with other manifesta- 
tions of disease. 


Patients and methods 

We studied the records of 50 patients with 
cavity dilatation caused by severe left ven- 
tricular disease. All had had at least one attack 
of pulmonary oedema and ten of the 15 under 
the age of 55 subsequently underwent cardiac 
transplantation. In all the patients the left 
ventricular end diastolic dimension, as 
measured by M mode echocardiography, was 
> 6 cm; fractional shortening was <25%, and 
the ventricular posterior wall thicknesses were 
< 1-2. cm at end diastole. Their age ranged from 
12 to 80. In 20 the underlying diagnosis was 
coronary artery disease, established by coron- 
ary arteriography or at necropsy or transplanta- 
tion. Eleven had dilated cardiomyopathy with 
normal coronary arteriograms. In six patients 
left ventricular disease could be related to 
sarcoidosis, polyarteritis nodosa, disseminated 
lupus erythematosis, irradiation, Becker’s 
muscular dystrophy, or eosinophilic heart dis- 
ease in one case each. In thirteen patients, there 
was no clinical indication for coronary 
arteriography, so we were unable to exclude 
coronary artery disease (table 1). No patient 
had important organic valve disease or regional 
disturbance of left ventricular wall motion 
shown by cross sectional echocardiography. At 
the time of the study, nine patients were taking 
a digitalis preparation, 27 an angiotensin con- 
verting enzyme inhibitor, six some other 
vasodilator, and all but four a diuretic. 


ECHOCARDIOGRAMS 

The recording of M mode echocardiograms 
was guided by the cross sectional display. 
Those of the left ventricular cavity were taken 
at the level of the tips of the papillary muscles 
and showed clear continuous echoes from the 
left side of the septum and the endocardial 
surface of the posterior left ventricular wall. 
Additional records were made at the level of the 
mitral valve cusps to show their motion 
throughout diastole and particularly the time 
they separated at the onset of rapid filling and 


210 





Ng, Gibson 
Table 1 Climcal details 
E fillers Summation A fillers 
(n m 29) (n = 9) {n = 12) 
Age (mean (SD)) yr 52 (18) 56 (10) 64 (18) 
Sex (male) 24 6 
Acuology: 
Coronary artery disease 14 3 3 
Dilated cardiomyopathy 6 1 4 
Other specific disease 2 2 2 
Not established 7 3 3 
D: 
Digitalis 5 1 3 
Diuretic 27 7 12 
ACE inhibitor 19 3 5 
Other vasodilator 3 1 2 
ACE, angiotensin converting enzyme. 
during atrial systole. We used aorticechograms DOPPLER TRACES 


showing the time of apposition of the valve 
cusps at the end of ejection to identify the aortic 
component of the second heart sound (A,) on a 
simultaneous phonocardiogram and also to 
assess left atrial transverse dimension and 
aortic root motion. i 

We recorded apex cardiograms from the 
point of maximal impulse using a Cambridge 
Instruments transducer with a time constant of 
4 s. Doppler recordings of mitral flow velocity 
were made with a Doptek Spectfascan and a 2 
MHz transducer. We identified peak trans- 
mitral velocity using the continuous mode and 
then recorded in pulsed mode with a 3 mm gate 
and a 250 Hz wall filter. Mitral regurgitant flow 
was identified and recorded in continuous 
mode. All records were taken at a paper speed 
of 10 cm/s, with simultaneous phonocardio- 
grams and electrocardiograms; the latter were 
amplified (if necessary) to show P waves 
clearly. 


MEASUREMENTS 
M mode echocardiograms 
We measured end diastolic and end systolic 
dimensions and septal and posterior wall thick- 
nesses from their leading edges at the time of 
onset of the Q wave and A, respectively. We 
also measured the time intervals from A, and 
minimum cavity dimension to mitral valve 
opening; the interval from A, to mitral valve 
opening was taken as the isovolumic relaxation 
time. On the mitral echogram we considered 
that the cusps separated during atrial systole 
only when they unequivocally started to move 
apart after the P wave of the succeeding beat. 
We digitised M mode echocardiograms of 
the left ventricular cavity’ to give peak rates of 
change of transverse dimension and posterior 
wall thickness during diastole. We also 
measured the interval from A, to peak rate of 
dimension increase (fig 1). Because the rates of 
change of left ventricular wall thickness were 
very low (3:6 (2:0) cm/s) and time intervals 
related to events on these traces were 
unreproducible we did not use them. 


APEX CARDIOGRAM 

We measured the relative height of the A wave 
as the ratio of the increase during atrial systole 
to the total excursion during the cardiac cycle, 
identifying the onset of the A wave as the start 
of increased rate of rise on the apex cardiogram 
occurring after the P wave. 


We identified an E wave on the Doppler flow- 
velocity trace as a peak occurring after mitral 
opening but before the onset of the P wave of 
the succeeding beat (fig 2a) and we measured 
the interval from A, to the time that the peak 
flow velocity was registered (fig 1). If the E 
wave was dominant we classified such patients 
as E fillers. We identified an A wave as occur- 
ring after the P wave of the succeeding beat and 
as being preceded either by an E peak or by an 
interval of low flow after mitral valve opening 
(fig 1b). We classified patients with a dominant 
A wave as A fillers. If only one peak was 
present, starting immediately after mitral 
opening but after the P wave of the succeeding 
beat, we classified the filling pattern as summa- 
tion (fig 2c). To distinguish a summation wave 


Ventricular denénsion km) gD/dt lem) 





Figure 1 Interrelations of early diastolic events derived 
from digitised M mode echocardiogram of the left 
ventricular cavity and transmitral flow velocity record. 
The lowest panel represents left ventricular wall echoes 
with Doppler trace superimposed. The middle trace groes 
the ventricular dimension, and the top trace, the rate of 
change of dimension (dD/dt). Aortic closure (A,) 
normally precedes minimum cavity dimension (D), which 
itself 1s synchronous with mitral valve opemng. Peak 
transmitral flow veloaty (E) charactertstically follows 
peak dD/dt (marked with an arrow) by 50 (15) ms. 
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Figure 2 (a) Transmtral | 
flow velocity trace showing 
early diastolic filling fomi a 
patient in sinus rhythm but 
without a perceptible A 
wave, Full scale deflection 
on Doppler 4 kHz. Time 
marker 0:10 s. (b) 
Transmtral flow velocity 
trace showing a dominant A 
wave. There is no clear 
early diastolic peak. Full 
seale deflection on Doppler 
2 kHz. (c) Transrutral 
flow velocity trace showmg 
a summation filling pattern. 
There ıs a single peak, wth 
its onset early in diastole 
but after the P wave of the 
succeeding beat. Full scale 
deflecnon of Doppler 4 
kHz. 


















caused by atrial systole from an E wave for- 
tuitously following the P wave of the next beat 
we estimated the interval from the onset of P 
wave to the peak of the A wave in the A fillers. 
We quantified the filling pattern in the EandA 
fillers by calculating the ratio A/(A + E), where 
A and E represent peak flow velocities occur- 
ring with A and E waves respectively. This has 
a value of 0 when filling is exclusively with an E 
wave, 1 when it is exclusively with an A wave, 
and an intermediate value when both waves are 
present. We preferred to use this ratio rather 
than the simpler ratio of A/E, which behaves 
non-linearly and becomes undefined when fill- 
ing is exclusively atrial. 

If mitral regurgitation was present we 
measured the intervals from A, to the end of 
regurgitation and the total duration of the 
regurgitation.’ We derived the time between 
the pulses of mitral regurgitation as the 
difference between RR interval and the dura- 
tion of the mitral regurgitation. When mitral 
regurgitation was present, we calculated effec- 
tive filling time as we have described else- 
where’: otherwise we took it as the total time 
that the mitral valve was open. 


STATISTICAL ANALYSIS 

We used mean (SD) throughout. We inves- 
tigated the statistical significance of differences 
between means by Student’s t test and the 
differences of incidence between groups by 
Fisher’s exact probability test. We used the 
Kolmogorov-Smirnov test to examine possible 
departures from a unimodal distribution. 


Results 

FILLING PATTERN AND ITS DISTRIBUTION 

Of the patients studied, nine showed a summa- 
tion pattern of filling, while in the remainder 
(41) all waves could be identified as A or E. We 





constructed a frequency histogram for values of 
the ratio A/(A + E) in these 41 (fig 3). They 
were not unimodally distributed; there are two 
peaks, one corresponding to E filling with a 
value of 0-0-2, and the second to A filling with 
values between 0 8 and 1:0. This departure 
from a unimodal distribution is very significant 
(p < 0-001). There were three groups: summa- 
tion fillers, A fillers, and E fillers. Table 1 gives 
the details of age, sex, aetiology, and treatment 
in the three groups. A fillers tended to be older 
than those in the other two groups, but this 
difference was not statistically significant. 
Aetiology and drug treatment were distributed 
uniformly. 


CHARACTERISTICS OF INDIVIDUAL GROUPS 

Table 2 sets out the general characteristics of 
the three groups. Left ventricular cavity 
dimensions were the same in all three and were 
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Figure 3 Histogram showing distribution of values of 
the ratio A[(A+E), where A and E are peak velocities 
of A and E waves respectively. Patients with a 
summation filling pattern are excluded. Note the bimodal 
distribution. 
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Table 2. Left ventricular filling pattern (mean (1 SD)) 
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Stgmficance of differente 
EvA Ev Sum Ao Sum 
E fillers A fillers Summation fillers filers fillers 
Left ventricle 
End diastohe dimension (cm) 72(0 75) 7407 701) NS NS NS 
End systolic dimension (cm) 64(09) 63(08) 70Q 1) NS NS NS 
Left amum: 
Dimension (cm) 42(05) 31 (0-8) 3.2 (0-2) 0-05 0-05 NS 
Total amplitude of motion (mm) 40 (2) 50(3) 40(2) NS NS NS 
Atrial systole—amplitude (mm) 06(1 2) 30(2) — 0-01 mm — 
RR interval (ms) 730 (20) 750 (15) 530 (80) NS 001 001 
Left ventricular filing ume (ms) 300 (70) 320 (75) 130 (40) NS 001 0-01 
A, to mutra! valve opening (ms) 10 (24) 75 (35) 10 (20) 001 NS 001 
SpE D to mitral opening (ms) 6 (39) 85 (50) 10 (20) 001 NS 0-01 
tauon (n0) 26 1 001 NS 001 
cuspid regurgitation (no) 5 3 NS NS NS 
mee regurgitation (no) 1 2 NS NS NS 


Sum, summation; D, dimension, 


unaffected by whether or not mitral regurgita- 
tion was present. In the E fillers isovolumic 
relaxation (A, to mitral opening) was very 
short. Mitral valve opening was effectively 
synchronous with minimum cavity dimension, 
and peak rate of dimension increase was syn- 
chronous with peak inflow velocity, rather than 
preceding it as is normal. RR interval and left 
ventricular filling time were essentially the 
same as for the A fillers, but the left atrium was 
larger and mitral regurgitation was detected 
much more often. In 24 of these patients there 
was no discernible A wave on the Doppler flow 
velocity trace; in four of these atrial activity was 
also absent from the apex cardiogram and 
mitral echogram, but in the remainder (20) a 
clear A wave was present on one or both of 
these records (fig 4). 

The isovolumic relaxation time was very 
much longer in A fillers than in E fillers and 
mitral opening greatly delayed with respect to 
minimum dimension. The left atrial dimension 
was smaller but the component of dimension 
change occurring during left atrial systole was 
larger. Though mitral regurgitation was much 
less common than in the E fillers, the incidence 
of aortic and tricuspid regurgitation was essen- 
tially the same. 

Summation fillers resembled E fillers in that 
the isovolumic relaxation time was short; mitral 
opening was synchronous with minimum 
cavity dimension and peak rate of dimension 
increase was synchronous with peak trans- 
mitral inflow velocity. The RR interval was 
short and the effective filling time was greatly 
reduced to 50-170 ms, while the shortest value 
seen in either of the other groups was 230 ms. 
In the A fillers the mean unter Hom the onset 


of the P wave to peak atrial flow velocity was 
190 (20) ms, giving a 95% confidence interval 
with a lower value of 150 ms. In five of the 
summation fillers the interval was less than 
this, showing that the single peak was effec- 
tively an E wave; in the remainder, in whom the 
interval was greater, we could not determine its 
origin. 


Discussion 

A dilated cavity with reduced wall motion is the 
end stage of many types of left ventricular 
disease. Whatever the underlying cause, the 
clinical picture is almost identical in every case 
and the prognosis uniformly poor. It is gen- 
erally believed that left ventricular systolic 
function is globally impaired’ and that this 
leads to the characteristic changes in ejection, 
with the aortic valve opening late and ejection 
time itself being shortened.‘ Diastolic function 
may also be abnormal in these patients‘ but, 
surprisingly, transmitral flow velocity patterns 
are frequently reported as normal,” a dis- 
crepancy we sought to explain. 

Many have drawn conclusions about left 
ventricular diastolic function from the filling 
pattern as displayed on the Doppler flow- 
velocity trace"! and in particular from the 
relative heights of the E and A waves. Yet this 
method requires not only that patients are in 
sinus rhythm but also that both peaks are 
recognisable in the flow velocity record. Al- 
though our patients were all in sinus rhythm, in 
nine we found only a single peak. We could not 
always be certain whether this single peak 
represented early diastolic or atrial filling. 
Whatever its exact genesis, the shape of the 
single peak (Fig 2c) showed that its time 
integral was the maximum that would be 


n gure EA et the Wi ; possible with the observed acceleration and 
patient whose Doppler |m ae fa haaie deceleration rates within the short filling 
transmitral flow P WES ES S : ‘| period. We concluded, therefore, that this 
trace ts shown ın fig 2a. ae or } 

Woe ae ee characteristic pattern was not due simply to low 


A wave on this trace. 








cardiac output, but arose when stroke volume 
was directly limited by external constraints on 
the time available for forward mitral flow. In a 


' second group of patients, the ventricle filled 
n either dominantly or completely with atrial 
` 8# systole. They differed from the summation 

’ fillers in that filling time was much longer and 
; either an E wave was present or there was a 


discrete interval after mitral valve opening 
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when transmitral flow could not be detected. In 
the third and commonest filling pattern, 
however, the higher velocity occurred early 
during diastole, before the P wave of the 
succeeding beat, and the atrial peak was low or 
absent. Surprisingly, E and A filling patterns 
did not simply represent the ends of a single 
continuum because the distribution of the 
relative heights of the two waves in the patients 
studied was strikingly bimodal. If mitral flow 
was not limited by a short filling period, 
therefore, it tended to occur either early or late 
in diastole. The normal finding of comparable 
E and A wave velocities was conspicuously 
absent in the group of patients with end stage 
disease that we studied. 

Bimodal distribution of any variable within a 
homogeneous group of patients is unusual and 
must be explained. In ours it was not caused by 
differences in age, sex, aetiology, or treatment, 
nor was it related to cavity size, wall thickness, 
or shortening fraction. In more general terms, 
however, the two groups arose from loss of the 
A wave in the E fillers, and loss of early diastolic 
flow in the A fillers. The A fillers differed from 
E fillers in that isovolumic relaxation time was 
longer and wall motion during this period was 
incoordinate, as shown by the delay in mitral 
opening with respect to minimum cavity 
dimension. We have previously suggested that 
rapid early diastolic filling depends on the 
integrity of posterior wall thinning and its 
relation to mitral valve opening.” If either of 
these are lost because of incoordination, the 
early diastolic filling rate will be reduced—as 
we have previously shown by angiography in 
patients with coronary artery disease.” 

Dominant early diastolic filling is associated 
with mitral regurgitation?’ and it has been 
suggested that volume overload or a high left 
atrial pressure may “normalise” the filling 
pattern. While we agree that the Doppler 
pattern, considered on its own, was apparently 
normal in some of our patients, this did not 
apply to other aspects of diastolic function. In 
the normal subject peak filling rate lags behind 
the peak rate of dimension increase by approx- 
imately 50 ms" (fig 1). We attribute this delay 
to the effect of restoring forces within the 
ventricle and have noted its loss in patients with 
severe mitral regurgitation. In E fillers also, the 
normal phase relation between transmitral flow 
velocity and dimension change was lost; while 
the Doppler pattern was apparently normal the 
mechanism by which it was brought about was 
not. This effect seems to have been the result of 
filling being brought about directly by a high 
left atrial pressure rather than being mediated 
by normal restoring forces. Loss of these forces 
would be expected because wall thinning dur- 
ing early diastole was so strikingly reduced,” 
while the abnormally short isovolumic relaxa- 
tion time made a high left atrial pressure very 
likely." The mitral regurgitation itself put no 
perceptible volume load on the left ventricle, 
since overall changes in atrial and ventricular 
dimension were similar whether or not it was 
present. Flow velocity, however, is determined 
by pressure gradient and only indirectly by 
stroke volume. A minor degree of mitral regur- 
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gitation will cause a considerable increase in 
pressure if the atrium is non-compliant. 

An even more striking abnormality was the 
frequent loss of the A wave in the E fillers. It 
seems unlikely that we simply failed to detect 
an atrial flow signal in these patients because we 
specifically sought it with continuous wave as 
well as pulsed Doppler and because the fall in 
left atrial dimension during atrial systole was 
much smaller than in the A fillers. In a minority 
we found no evidence of any mechanical 
activity of the left atrium although all were in 
sinus rhythm. Mechanical atrial activity may 
be lost for short periods after DC conversion of 
atrial fibrillation, but the idea that “atrial 
failure’? might persist chronically has been 
little considered. In most patients in whom no 
atrial flow could be detected we found collateral 
evidence of atrial mechanical activity either on 
the apex cardiogram or the mitral echogram. 
We were thus forced to conclude that even with 
an appropriately timed atrial contraction, 
transmitral blood flow did not occur. This 
implies loss of ventricular compliance, which 
might be the result of intrinsic myocardial 
disease, disturbed myocardial architecture, or 
pericardial restraint. One does not need to 
know its exact mechanism to deduce that in 
these patients there must be a major distur- 
bance of filling in late diastole. End diastolic 
volume apparently becomes fixed, so that after 
early diastolic inflow these ventricles effectively 
become “‘unfillable’’. 

The present study has several obvious 
limitations. All the patients had had pulmonary 
oedema at some time, and many of the younger 
ones were being considered for cardiac trans- 
plantation. They are thus likely to have had 
more severe disease than those in previous 
series.”* They were studied at a single stage in 
their clinical course, and we do not know how 
the filling pattern might change with time. All 
were taking treatment, which was in no way 
standardised and with which we did not inter- 
fere. The study, however, was a retrospective 
one, so that our knowing the filling pattern 
could not have affected the way the information 
was collected. We investigated the possibility 
that apparent transmitral flow pattern might 
have depended on the transducer position or 
orientation but we were unable to find evidence 
of this. We used continuous wave Doppler to 
identify peak velocities before recording them 
in the pulsed mode, so that sampling depth was 
not a potential variable. Mitral regurgitation in 
such patients may occur through a localised jet, 
and thus detecting it might be unpredictable. 
However, such unpredictability would be ran- 
dom, and could not explain the large difference 
in incidence between E and A fillers. Detecting 
tricuspid regurgitation should be similarly 
limited, yet we found no comparable correla- 
tion. 

Recognition of different filling patterns may 
help in the understanding of the patho- 
physiology and response to treatment of these 
patients. We have suggested that a filling time 
of 200 ms or less may of itself limit filling’; a 
summation pattern on the Doppler seems a 
simple way of detecting limited filling time. 
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Reducing the heart rate, which prolongs the 
filling time, would thus seem useful; this effect 
may explain the effects of f blockers in some 
patients with dilated cardiomyopathy.” In 
most patients, however, the filling time did not 
seem to limit stroke volume, at any rate at rest, 
with transmitral flow occurring dominantly at 
its beginning (E fillers) or at its end (A fillers); a 
reduction in heart rate would be unlikely to 
increase cardiac output in these circumstances 
and might well reduce it when stroke volume is 
small and fixed. A fillers, however, are likely to 
be particularly sensitive to the effects of atrial 
systole, so that manoeuvres aimed at restoring 
or maintaining sinus rhythm would seem par- 
ticularly justified. If the end diastolic volume is 
indeed fixed in most E fillers, as we suggest, a 
major mechanism of adapting to increasing 
venous return has been lost. Further, most of 
these patients had mitral regurgitation that was 
too mild to have significantly affected resis- 
tance to ejection. With end diastolic volume 
fixed and end systolic volume unaltered, any 
increase in regurgitant volume must lead to an 
equal drop in forward flow. If the resulting fall 
in myocardial perfusion were to make the 
mitral regurgitation itself even slightly more 
severe, a vicious cycle would be set up, causing 
forward output to fall progressively and 
providing a mechanism for sudden death quite 
independent of any electrical instability. From 
the clinical point of view, therefore, treatment 
should be aimed at reducing end systolic 
volume and mitral regurgitation; these effects 
are brought about most predictably by use of 
arterial vasodilators and diuretics. Increased 
venous return on its own, mediated for example 
by a venodilator, would probably be less useful 
in such patients. The need to reduce end 
systolic volume suggests an ancillary role for 
drugs with a positive inotropic action, quite 
independent of any effects that they may have 
on the force or velocity of contraction; 

We conclude that the pattern of transmitral 
flow velocity is often apparently unaffected by 
severely disturbed diastolic function in patients 
with dilatation of the left ventricular cavity. We 
have seen the same effect in patients with left 
ventricular hypertrophy,” where the distur- 
bances differ from those of cavity dilatation. 
Doppler estimates of transmitral flow alone 
cannot therefore be considered an adequate 
basis for assessing ventricular diastolic func- 
tion. However, when Doppler is used with 
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other non-invasive measurements, a series of 
abnormalities can be shown in patients with 
end stage left ventricular disease. Not only do 
these disturbances seem to shed light on some 
aspects of the disordered pathophysiology but 
also they suggest how treatment might be 
approached. If the same methods are used to 
follow the effects of interventions, more 
rational and individual management may be 
developed for this difficult group of patients. 
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Functional importance of the long axis dynamics 
of the human left ventricle 


Christopher J H Jones, Luciano Raposo, Derek G Gibson 


Abstract 

The role of longitudinally and circum- 
ferentially oriented fibres in left ven- 
tricular wall motion was examined by 
digitising echocardiograms of the mitral 
ring (whose motion reflects long axis 
change) and of the standard minor axis 
in 36 healthy individuals, 36 patients 
with coronary artery disease, 16 with left 
ventricular hypertrophy, 44 with mitral 
valve disease (24 of whom had undergone 
mitral valve replacement). In the con- 
trols long axis shortening significantly 
preceded minor axis shortening (mean (1 
SD) difference 25 (40) ms) so that the 
minor axis increased more during 
isovolumic contraction (0:25 v 0-09 cm), 
indicating that the left ventricle became 
more spherical. Changes in the long and 
short axes were synchronous at end ejec- 
tion and in early diastole in the controls. 
Epicardial excursion preceded endocar- 
dial excursion by 50 (20) ms at its peak. 
These time relations were consistently 
disturbed in all patient groups, irrespec- 
tive of the extent of fractional shortening 
of the minor axis. The onset of long axis 
shortening was delayed, and this was 
often associated with premature shor- 
tening of the minor axis, the normal 
spherical shape change during 
isovolumic contraction was lost, and 
peak epicardial and endocardial changes 
became more synchronous. In patients 
with coronary disease these changes are 
the expected consequence of ischaemic 
injury to longitudinally orientated 
subendocardial fibres. In left ventricular 
hypertrophy their presence consistently 
showed systolic dysfunction when orth- 
odox measures were still normal. They 
were more pronounced after mitral 
valve replacement when the papillary 
muscles had been sectioned; long axis 
shortening was reduced during systole 
and prolonged into early diastole, while 
normal shortening of the minor axis was 
maintained only by abnormal epicardial 
excursion. 

Relations between long and short axis 
motion in healthy individuals are 
characteristic, and their loss is an early 
index of systolic ventricular disease. 
These disturbances precede changes in 
orthodox measures such as fractional 
shortening or peak velocity of circum- 
ferential fibre shortening. 


Anatomical studies'? have shown longitudinal 
as well as circumferential fibres with a contin- 
uous variation in fibre angle across the left 
ventricular wall. The function of these long- 
itudinal fibres has not been extensively 
studied. Because effective ventricular function 
during ejection and filling is likely to depend 
upon the coordinated action of all myocardial 
layers, we set out to study the timing and 
extent of changes in the long axis, comparing 
them with those of the minor axis in healthy 
controls and those with left ventricular dis- 
ease. In addition, we investigated patients 
after mitral valve replacement where a com- 
ponent of the longitudinal fibres (the papillary 
muscles) had been sectioned. 


Patients and methods 

CONTROLS AND PATIENTS 

Cross sectionally guided M mode echocar- 
diograms were recorded and analysed in 36 
patients with coronary artery disease, 16 with 
left ventricular hypertrophy, 44 patients with 
mitral valve disease (10 with rheumatic mitral 
stenosis before surgical treatment, 24 after 
mitral valve replacement, and 10 after mitral 
valve repair), and 36 healthy individuals aged 
51 (12) years without clinical, cardiographic, 
or radiographic evidence of heart disease and 
with normal amplitude and timing of endocar- 
dial motion and normal mitral valve leaflet 
motion on standard short axis M mode echo- 
cardiography. Patients with coronary artery 
disease had presumed angina and were those 
referred for routine diagnostic angiography. 
This showed single vessel disease in five, 
double vessel disease in ten, and triple vessel 
disease in 21. Cavity size and fractional shor- 
tening on M mode echocardiography were 
normal in 22. Fractional shortening was 
<23% (the lower 95% confidence limit of 
normal) in the remainder. 

Patients with left ventricular hypertrophy 
had septal or free wall thickening greater than 
12 mm on M mode echocardiography (the 
upper limit of normal).? Three patients had 
hypertrophic cardiomyopathy; of the remain- 
der with secondary hypertrophy, seven had 
aortic stenosis, three arterial hypertension, 
two had undergone aortic valve replacement, 
and one repair of coarctation. The patients 
with rheumatic mitral stenosis had thickened 
valve leaflets, a reduced diastolic closure rate, 
and increased mitral diastolic flow velocities 
detected by continuous wave Doppler. Mitral 
valve replacement had been undertaken in 18 
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Figure 2 M mode echocardiograms of the mitral ring and left ventricular apex in a 
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METHODS 

M mode and cross sectional echocardiograms 
were obtained with the patient lying in the left 
lateral position with an 860C Imager with a 
35 MHz mechanical transducer. M mode 
echocardiograms were recorded on a Hone- 
ywell (Ecoline 22) strip chart recorder at a 
paper speed of 100 mm/s with simultaneous 
electrocardiogram and  phonocardiogram. 
Standard M mode echocardiograms of the left 
ventricular minor axis were recorded just 
below the level of the mitral valve leaflets. 
Cross sectional guided M mode echocardio- 
grams of the left ventricular long axis were 
then obtained after longitudinal placement of 
an M mode cursor through the lateral aspect 
of the mitral valve ring, visualised on an apical 
four chamber cross sectional view (fig 1). 
Motion of the apex was recorded from the 
same position. Since the amplitude of move- 
ment was always less than 1 mm and since it 
showed no consistent relation to the elec- 
trocardiogram (fig 2), we disregarded it, and 
took overall shortening or lengthening of the 
long axis of the left ventricle as being reflected 
in corresponding motion of the mitral ring. 

Echocardiograms were matched for the 
heart rate; the onset of the Q wave was used to 
time early systolic events and the first high 
frequency component of the aortic closure 
sound (A,) was used to time early diastolic 
events. In the patients with atrial fibrillation 
RR intervals were matched to within 100 ms. 
The echocardiograms were digitised * and the 
following measurements were made as the 
mean value of three beats in each patient. 

(a) Fractional shortening, the peak rate of fall 
of minor axis, and the peak rate of minor axis 
fibre shortening measured from the standard 
minor axis echocardiogram (calculated as the 
peak rate of minor axis change during systole 
normalised for end diastolic dimension). 

(b) Time intervals from the Q wave to the 
onset of minor axis shortening and to the 
onset of long axis shortening (ms). 

(c) Time intervals from the Q wave to the 
minimum minor axis and the minimum long 
axis (ms). 

(d) The extent of minor and long axis change 
during the initial 100 ms from the Q wave 
(cm). Outward wall motion starting before the 
Q wave was considered to be the result of 
ventricular filling by atrial contraction and 
was excluded. 

(e) The total amplitude of minor axis epicar- 
dial excursion (cm), and the time intervals 
from the Q wave to peak inward endocardial 
and epicardial excursion on the minor axis 
echocardiogram (cm). 

(f) Total amplitude of long axis shortening 
(cm). 

(g) Time intervals from A, to the peak rates of 
minor and Jong axis increase in early diastole 
(ms). 

Mean values for each measurement obtain- 
ed in the disease groups were derived and 
compared with values in healthy controls. 
Standard deviations were calculated and the 
significance of differences between means was 
assessed by t tests. 
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Figure3 Minor (a) and 


control showing the earlier 
onset of long axts 
shortemng, and normal 
posterior wall thickemng. 
Changes in long and minor 
axes were synchronous at 
end ejection and in early 
diastole. The Q wave and 
the vertical lines indicate 
the onset of fibre 
shortening. 
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Long axis shortening was 
delayed beyond minor axıs 
shortening so that the 
normal increase in the 
minor axis during 
isovolumic contraction was 
lost. Sumlar disturbances 
were seen in patients with 
normal fractional 
shortemng The abnormal 
change tn shape caused by 
incoordmate relaxation 
was evident as an increase 
tn the minor axis and a 
reduction in the long axis 
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Results 

HEALTHY CONTROLS 

In the controls (fig 3) fractional shortening 
was 33 (5)%, peak rate of dimension change 
was 9 (2-9) cm/s, and peak velocity of minor 
axis fibre shortening was 2-4 (0-5) cm/s. There 
was an initial increase in the long axis during 
isovolumic contraction of 0-09 (0-13) cm, sig- 
nificantly less than the corresponding change 
in the minor axis (0-25 (0:15) cm) (p < 0-05), 
so that the cavity became more spherical. 
Long axis shortening began 55 (40) ms after 
the Q wave and preceded shortening of the 
minor axis by 25 (40) ms (p < 0-01). Peak 
shortening of the two axes was effectively 
synchronous, occurring 410 (55) ms (long) 
and 430 (50) ms (minor) after the QRS com- 
plex (p = NS). However, the timing of 
epicardial motion differed significantly from 
that of the endocardium. Peak inward motion 
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of the epicardium consistently preceded that 
of the minor axis by 50 (20) ms, so that the 
epicardium moved outwards and the minor 
axis continued to shorten during isovolumic 
relaxation. The overall epicardial excursion 
was 0-5 (0-2) mm. The timing of peak rates of 
long and minor axis lengthening was effec- 
tively synchronous in early diastole, occurring 
100 (25) ms and 90 (30) ms after A, respec- 
tively (p = NS). 


CORONARY ARTERY DISEASE 

Early systolic events were significantly 
modified in patients with coronary artery dis- 
ease (fig 4), whether or not standard 
measurements of left ventricular function 
were normal. Minor axis shortening started 
earlier than normal (55 (40) ms v 80 (40) ms 
after the Q wave, p < 0-05), while that of 
the long axis was delayed (85 (30) ms v 55 
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Figure 5M mode echocardiograms showing delayed long axis (b) shortening ath an 
abnormal shape change during isovolumic contraction despite normal fractional 
shortening on the minor axis (a) in a patient with aortic stenosis and left ventricular 
hypertrophy. 


(40) ms, p < 0-01). The start of minor axis 
shortening thus preceded that of the long axis, 
rather than followed it as in the controls. At 
the same time the pattern during isovolumic 
contraction changed, with a fall in the extent 
of minor axis expansion from 0-25:(0-15) cm 
to 0-1 (0-1) cm (p < 0-05). The two axes were, 
however, synchronous at end ejection. The 
normal asynchrony seen between epicardial 
and minor axis motion was partly lost because 
peak epicardial displacement was delayed 
(difference 30 (20) ms, p < 0-01 v control), 
though the amplitude of epicardial excursion 
remained normal., During diastole the peak 
rates of increase of the long and minor axes 
were synchronous after A}. 
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Figure 6M mode echocardiograms showing characteristically delayed and diminished 
long axis shortening (b) in a patient after mural valve replacement. Normal minor axis 


(a) endocardial motion 1s maintamed only by increased epicardial excursion. Peak 
endocardial and epicardial motions were synchronous i this group. 
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LEFT VENTRICULAR HYPERTROPHY 

Fractional shortening, peak rate of minor axis 
change, and peak velocity of circumferential 
fibre shortening were normal in the patients 
with left ventricular hypertrophy (30 (7)%, 
8-3 (2-2) cm/s, and 2-6 (0-4) cm/s respectively, 
p = NS compared with controls). As with 
coronary artery disease, however, there was 
considerable initial systolic asynchrony (fig 5). 
Minor axis shortening again started earlier 
than normal with respect to the Q wave (60 
(30) v 80 (40) ms, p < 0-05) and that of the 
long axis was delayed (95 (35) v 55 (40) ms, 
p < 0-01). Short axis expansion during 
isovolumic contraction was reduced (0:05 
(0-1) v 0-25 (0:15) cm, p < 0-01) though long 
axis expansion was unaltered. However, des- 
pite their asynchronous onset peak shortening 
of the long and short axes was synchronous as 
was early diastolic filling. The extent of long 
axis shortening was normal. Peak epicardial 
excursion preceded peak endocardial ex- 
cursion as in the controls (difference 45 (30) 
ms), and epicardial excursion itself was again 
normal. 


MITRAL STENOSIS 

Standard measures of left ventricular function 
were also normal in this group (fractional 
shortening 34 (8)%, peak rate of dimension 
change 7-5 (3-4) cm/s, and peak velocity of fibre 
shortening 2:3 (0-3) cm/s). However, the onset 
of long axis shortening was later (105 (35) v 55 
(40) ms, p < 0-01) and its amplitude lower (1-0 
(0:3) v 1-3 (0-2) cm, p < 0-05) in patients with 
mitral stenosis than in controls. The timing of 
the onset of minor axis shortening was normal 
(75 (25) ms after the Q wave, p = NS) and 80 
shortening of the minor axis preceded that of 
the long axis. The long axis increased more 
than the minor axis during isovolumic contrac- 
tion (0-4 (0-2) v 0-15 (0-2) cm, p < 0-01). 
Changes in the long and short axes were 
synchronous at end systole and during early 
diastole. Peak minor axis and epicardial shor- 
tening almost coincided (difference 20 (20) ms) 
although the amplitude of the epicardial excur- 
sion was normal. 


MITRAL VALVE REPLACEMENT 


= Time relations were very abnormal after mitral 
we valve replacement (fig 6). Long axis shortening 
= was delayed (onset 95 (50) v 55 (40) ms, p < 
. 0:01) and of reduced amplitude (0-9 (0-4) v 1:3 


(0:2) cm, p < 0-01) while the amplitude of 
shortening of the minor axis was normal. The 
onset of minor axis shortening was much earlier 
than normal (45 (35) v 80 (40) ms, p < 0-01) 
without significant increase during isovolumic 


. contraction (0-05 (0-1) v 0-25 (0-15) cm normal, 


p < 0-01). Wall motion was strikingly asyn- 


* chronous at end systole, with peak minor axis 
- shortening preceding that of the long axis by 70 


(15) ms (p < 0-01), and during early diastole 
(peak lengthening rate minor axis 105 (25) ms v 
195 (45) ms after A,, p < 0-01). There was also 
a loss of the normal asynchrony across the 
ventricular wall, the difference between peak 
epicardial and minor axis shortening being only 
10 30) ms (p < 0-01). The normal amplitude of 
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minor axis reduction was maintained by an 
increased amplitude of epicardial excursion 
(0-9 (0-3) v 0-5 (0-2) cm normal, p < 0-01). 
These changes were again present despite nor- 
mal fractional shortening, peak rate of dimen- 
sion change, and peak velocity of fibre shorten- 
ing (31 (6)%, 7°8 (2-2) cm/s, and 2-4 (0-4) cm/s 
respectively). 


MITRAL VALVE REPAIR 

In patients after mitral repair the onset and 
amplitude of long axis shortening were not 
significantly different from those in controls 
(onset 90 (70) v 60 (40) ms, p = NS) and events 
at end ejection and in early diastole were 
synchronous. The only disturbance in these 
patients was a slight increase in epicardial 
excursion (0-7 (0-2) v 0-5 (0-2) cm, p < 0:05). 
Standard measures of left ventricular function 
were normal (fractional shortening 28 (6%), 
peak rate of dimension change 8-4 (1-8) cm/s, 
and peak velocity of fibre shortening 2 (0-5) 
cm/s). 


Discussion 

The way in which the functions of the long- 
itudinally and circumferentially orientated 
myocardial fibres are interrelated to give a 
coordinated left ventricular contraction has 
been the subject of anatomical and physio- 
logical study for many decades. Straub? and 
subsequently Rushmer* showed that the 
longitudinal fibres started to shorten before 
those of the minor axis so that the cavity 
became more spherical—a sequence of events 
subsequently shown by Rankin et al to be 
related to the exact animal preparation used.’ 
Another aspect of these interrelations has been 
investigated more recently—the extent to 
which longitudinal shortening contributes to 
wall thickening and thus to minor axis 
changes.®* In spite of these studies, however, 
there has been little work on changes in the 
human long axis, and particularly on the effect 
of left ventricular disease. Because the apex of 
the left ventricle does not move significantly 
with respect to the transducer, long axis chan- 
ges are reflected in movements of the mitral 
valve ring. Thus we have been able to study the 
relations between shortening of the long and 
minor axes of the left ventricle by simple 
echocardiographic t iques, 

Our study confirmed previous experimental 
work by showing consistent differences in the 
timing and extent of long and minor axis 
shortening in controls. We showed the charac- 
teristic change in cavity shape during iso- 
volumic contraction that occurs because 
shortening of the minor axis lags slightly 
behind that of the long axis. We also confirmed 
the presence of asynchrony across the posterior 
wall with the peak inward motion of the 
epicardium preceding that of the endocardium. 
This means that maximum long axis shorten- 
ing, though synchronous with peak inward 
endocardial motion, is strikingly delayed with 
respect to that of the epicardium. These find- 
ings provide further examples of the regional 
non-uniformity of function that we and others 
have explored in the normal left ventricle.” 
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There were characteristic changes in these 
relations in patients with heart disease. With 
groups of widely differing aetiology, the 
normal sequence of early systolic events was 
consistently altered. Shortening of the minor 
axis started prematurely, longitudinal shorten- 
ing was delayed, and changes in cavity shape 
during isovolumic contraction were abnormal. 
To test the hypothesis that¢hese changes were 
the direct result of impaired function of the 
longitudinal fibres we studied patients after 
mitral valve replacement because in this opera- 
tion the papillary muscles, a component of the 
longitudinally directed fibres, are cut. We 
found that wall motion was particularly abnor- 
mal in these patients. Not only was the normal 
early systolic sequence of events disrupted but 
also the extent of longitudinal shortening was 
reduced and the abnormal asynchrony between 
long and minor axes persisted throughout 
ejection and into early diastole. These changes 
were not a specific effect of cardiopulmonary 
bypass because they did not occur to the same 
extent after mitral valve repair, nor could they 
be attributed to a minor degree of mitral valve 
obstruction by the prosthesis because they 
were present to only a limited extent in cases 
of well developed mitral stenosis. We there- 
fore attribute them directly to loss of a com- 
ponent of the longitudinally arranged muscle. 
Abnormal systolic performance has been les- 
sened and survival improved after mitral valve 
surgery when the chordae tendineae were pre- 
served'*"'*; however, longitudinal left ventri- 
cular function has not been examined 
specifically. 

Our results also showed that a normal left 
ventricular shortening fraction after mitral 
valve replacement is maintained only by a very 
abnormal mechanism. The main basis of in- 
ward motion of the endocardium was changed: 
instead of being the effect of wall thickening as 
in the controls, it was the result of increased 
amplitude of motion of the epicardium. This 
fundamental change is exactly that predicted “ 
from anatomical studies®®!” and is compatible 
with loss of the role of longitudinal fibre 
shortening in bringing about myocardial thick- 
ening, which determines the normal dynamics 
of the minor axis. 

The results in patients with ischaemic heart 
disease were also instructive. Again abnormal 
long axis dynamics were associated with com- 
plex disturbances of ventricular function. The 
changes during isovolumic contraction caused 
by delayed longitudinal shortening resembled 
those seen in patients after mitral valve 
replacement. Epicardial amplitude remained 
normal but the normal lag in peak endocardial 
motion in relation to that of the epicardium was 
lost, particularly in patients in whom there was 
a change in cavity shape during diastole. This 
impairment of left ventricular longitudinal 
function in coronary disease is likely to have a 
basis in fibre architecture. Subepicardial and 
subendocardial fibre layers are longitudinally 
orientated whereas the middle layer is circum- 
ferentially arranged. Non-uniformity of fibre 
orientation was thus matched by a non- 
uniform susceptibility of the various layers to 


injury. Necropsy studies in patients with 
coronary disease show that the subendocardial 
fibres are more susceptible to diffuse ischaemic 
damage.” Subendocardial dysfunction is thus 
likely to affect selectively the longitudinally 
directed fibres and so to manifest itself as 
abnormal long axis shortening. Myocardial 
hypertrophy alone will also be associated with 
abnormal long axis dynamics if diffuse sub- 
endocardial damage reflects a relatively high 
risk of anoxia. Indeed we consistently found 
pronounced early systolic asynchrony and dis- 
organised posterior wall thickening in patients 
with left ventricular hypertrophy, abnor- 
malities that closely resemble those in patients 
with known coronary disease. They are the 
characteristic changes one would expect in the 
presence of disturbed shortening of longi- 
tudinal fibres. 

Despite the obvious importance of coordin- 
ate contraction of all muscle layers in maintain- 
ing optimal ventricular function, the relative 
contributions of differently orientated myocar- 
dial fibres have been little studied in humans. 
Echocardiographic assessment of long and 
short axis changes allows an appreciation of the 
characteristic relations between the two. Their 
exact biological significance has still to be 
determined but we feel sure that it is closely 
related to the processes of energy transfer from 
the myocardium to the circulation. It also 
seems clear that loss of these close time rela- 
tions may be an early sign of ventricular 
disease, occurring at a stage when fractional 
shortening is still maintained. There is still 
controversy about whether systolic left ven- 
tricular function is depressed in patients with 
left ventricular hypertrophy when cavity size 
and ejection fraction remain normal.’ So it 
may be significant that we were consistently 
able to show systolic abnormalities in such 
patients, though they seemed to be confined to 
the function of the longitudinally directed 
fibres. Our findings may also shed light on the 
nature of the left ventricular disease after mitral 
valve replacement. Such disease is a major 
cause of long term morbidity and mortality 
after mitral valve replacement, although 
orthodox measures of left ventricular function 
may be normal in the early postoperative 
period.” It seems that there is a strong rational 
basis for any attempt to preserve the integrity 
of the mitral apparatus during operation. 
Finally, we regard our findings as a clinical 
vindication of the remarkable conclusions of 
Sir Arthur Keith, propounded over 70 years 
ago.” He commented on the interrelations 
between the “massive circular expelling coat”, 
which he regarded as the agonist, and the 
longitudinal fibres (the antagonist) which sup- 
ported them and prevented abnormal changes 
in cavity shape. Such changes, particularly 
when they occur in the two isovolumic periods, 
have been shown to cause striking loss of 
mechanical efficiency of ventricular pump fun- 

on.” We feel that, taken together, these 
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results again raise the question as to the best 
method of assessing left ventricular systolic 
function. As it becomes apparent that normal 
endocardial motion may be brought about by 
abnormal means we question whether attempts 
to summarise left ventricular systolic function 
as a single entity such as contractility or end 
systolic elastance are limiting. Rather, we sug- 
gest that the aim should be to assess the 
function of each of the anatomical components 
within the ventricles individually and to deter- 
mine how these are integrated to give rise to the 
final pattern of wall motion. 


CJ HJ is a British Heart Foundation Junior Research Fellow 
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Haemodynamic changes caused by alteration of 
autonomic activity in patients with heart failure 


Karl Josef Osterziel, Rainer Dietz, Joachim Manthey, Werner Schmid, Wolfgang Kübler 


Abstract 

In 14 patients with heart failure (New 
York Heart Association class 2-3) and 
sinus rhythm the carotid sinus baro- 
receptors were stimulated to induce a 
reflex mediated decrease of sympathetic 
efferent activity and a simultaneous 
increase in vagal tone. Five patients were 
in severe heart failure (New York Heart 
Association class 3) with raised plasma 
concentrations of noradrenaline at rest 
(2:99 (0°86) nmol/l (mean (SD)) and nine 
patients had less severe heart failure 
(class 2:2 (0:2)) and normal plasma 
concentrations of noradrenaline at rest. 
The haemodynamic responses during 
arterial baroreceptor stimulation were 
different in both groups. In all five 
patients with severe heart failure cardiac 
output increased whereas in the nine 
patients with less severe heart failure it 
was unchanged or decreased. The 
increase of cardiac output in the group 
with severe heart failure was solely the 
result of a significant increase of stroke 
volume index (by 9 (2) ml/m/’). In the 
nine patients with less severe heart 
failure stroke volume remained un- 
changed but heart rate decreased sig- 
nificantly by 7 (2) beats/min during 
baroreceptor stimulation. 

These data show that an integrated 
change of autonomic activity consisting 
of a decrease in sympathetic tone and an 
increase in vagal activity leads to an 
increase of stroke volume in patients 
with severe heart failure and hence to 
haemodynamic improvement. 


In patients with heart failure sympathetic tone 
is increased and parasympathetic activity is 
attenuated." As a consequence of the 
increased activity of vasopressor systems the 
total peripheral vascular resistance is raised 
and may contribute to a progressive deteriora- 
tion of myocardial pump function.*’ The 
adaptive changes of the autonomic nervous 
system in heart failure have been regarded as 
compensatory—that is, beneficial mechanisms 
to maintain adequate central blood pressure.* 
However, sympathetic stimulation and vagal 
withdrawal not only induce inotropic and 
chronotropic effects but also increase 
impedance for the already impaired pump 
function of the left ventricle. Consequently, in 
certain circumstances the changes of auton- 
omic tone might improve cardiac perfor- 


mance, but under other conditions the result- 
ing haemodynamic effect may be deleterious. 
We investigated the effects of instantaneous 
alterations in sympathetic and parasympath- 
etic tone on cardiac performance in patients 
with either mild (New, York Heart Association 
class 2) or more advanced stages of heart 
failure (New York Heart Association class 3). 


Patients and methods 

PATIENTS 

We studied thirteen men and one woman 
(mean (SD) age 54 (3) years and range from 
25 to 73 years) with heart failure and sinus 
rhythm. Five patients had coronary artery 
disease and nine had primary dilated car- 
diomyopathy. The diagnosis was confirmed in 
all patients by right and left heart catheterisa- 
tion and by selective coronary angiography. 
All patients were treated with diuretics and 10 
were being treated with digitalis; one patient 
was also given quinidine and another theo- 
phylline. All patients gave informed consent 
to the protocol, which was approved by the 
ethics committee of the German National 
Research Foundation, Herzfunktion und Ihre 
Regulation, SFB 320. 


HAEMODYNAMIC MEASUREMENTS 

We performed right heart catheterisation 
using a Swan-Ganz catheter in patients in the 
postabsorptive state. Cardiac output was 
measured by thermodilution at baseline in 
triplicate and once during each period of 
baroreceptor stimulation. Pulmonary artery 
and right atrial pressures were recorded. 
Arterial cannulas were inserted into the radial 
artery of six patients. The mean of three 
measurements by the cuff technique was taken 
as arterial pressure in the remaining patients. 
The following variables were calculated by 
standard formula: cardiac index, stroke 
volume index, mean blood pressure, total 
peripheral resistance. 

Plasma concentrations of catecholamines 
were measured by the radioenzymatic method 
of Da Prada and Zuircher.? Plasma renin 
activity and plasma vasopressin were 
measured by radioimmunoassays.’° "! 


EVALUATION OF THE CAROTID SINUS BAROREFLEX 
Carotid sinus baroreflexes were studied by 
means of the negative pressure technique des- 
cribed by Eckberg et ail.” An airtight chamber 
was fastened around the neck and painless 
negative pressure was generated within 0-1 
seconds. Steady state conditions were reached 


within 30 seconds.'*"* The negative pressure 
is linearly transmitted to the carotid sinus and 
selectively stimulates the carotid sinus 
baroreceptors, causing an immediate decrease 
of heart rate, and a delayed fall of arterial 
pressure." 


STUDY DESIGN 

All patients were studied in the supine posi- 
tion. After 30 minutes of rest the baseline 
haemodynamic data were obtained and blood 
was drawn for the measurement of plasma 
concentrations of catecholamines and vaso- 
pressin and plasma renin activity. Then a 
negative pressure of 40 mm Hg was applied to 
the neck chamber. During the last 20 seconds 
of negative pressure—that is, between the 
30th and 60th second of suction—the 
haemodynamic data were obtained. Negative 
pressure was applied twice to the neck of each 
patient and the mean of the haemodynamic 
data obtained during the two intervention 
periods was used for calculations. . 

The patients were divided into two groups 
according to a combination of their New York 
Heart Association class and plasma nora- 
drenaline concentrations at rest. Patients with 
severe heart failure (New York Heart Associa- 
tion class 3) and simultaneously increased 
plasma noradrenaline concentrations at rest 
(>1-48 nmol/l) were allocated to group A 
whereas patients with mild heart failure (New 
York Heart Association class 2) or patients in 
New York Heart Association class 3 and 
normal concentrations of plasma noradrena- 
line at rest (<1-48 nmol/l) were allocated to 
group B. Plasma catecholamine concentra- 
tions that were more than 2 SD above the 
mean of a group with normal left ventricular 
function’? were regarded as raised. Both 
groups were similar in age. Four patients in 
group A and five patients in group B had 
dilated cardiomyopathy. The other patients 


had ischaemic cardiomyopathy. 
Table 1 Gomparison of haemodynamnc data at baseline tn patients mth severe (group A) 
and moderate (group B) heart failure 
Group A Group B p 

Mean blood pressure ij Hg) 87 (4) (5) NS 
Heart rate (beats/min (11) (4) NS 
Cardiac index (1/min am ma 2:4 (%2) 3-2 g3 NS 
Stroke volume mdex (ml/ (2 39 3 002 
Systolic pulmonary artery pressure (mm H; 63 3 34 iS 0001 

lic pulmonary artery pressure (mm 30 (4 16 3) 0-01 
Mean right atrial pressure (mm 11 (2) 6 (i) 008 
Total peripheral vascular resistance (dyn s cm’) 1362 (134) 1236 (108) NS 


Table2 Changes of 


variables during baroreceptor stimulation m patients 


haemodynamic 
woth severe (group A) and moderate (group B) heart failure 


Group A Group B p (between groups ) 

H (beats 3 —7 (2)* NS 
Cardiac index eek m 0-8 Gayer z0 3 oy 0-001 
Stroke volume index (m/m 9 @Q)y* (1) 0-01 
S; li onary artery 

Ymmi 8) i —10 (5) -4 (2) NS 
Diastolic pulmonary artery pressure 

mm Hg) -3 (3) -1 (2 NS 

Mean right atrial pressure (ram Hg) 0 (1) 2 (1) NS 


*p < 0005, **p < 0 01 for changes compared with baseline values. 
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STATISTICAL ANALYSIS 

Results are given as mean (SEM). The sig- 
nificance of differences was calculated by the t 
test or the signed rank test on paired data and 
the ¢ test or the Mann-Whitney U test on 
unpaired data. A p value of <0-05 was re- 
garded as significant. 


Results 

All patients in group A but only two patients 
in group B had severe heart failure (New York 
Heart Association class 3). The other patients 
were in the New York Heart Association class 
2. The New York class of group B (2:2 (0-2)) 
was lower than that in group A. By definition 
the mean plasma concentration of noradrena- 
line was much higher in group A than in 
group B (2-99 (0:86) nmol/l v 0-85 (0:24) 
nmol/l). 

Table 1 shows the baseline haemodynamic 
data of both groups. In group A pulmonary 
artery pressures were significantly higher and 
stroke volume index was significantly lower 
than in group B. Mean arterial pressure and 
heart rate did not differ significantly in the 
two groups. 

Plasma renin activity in group B (4-0 (1-2) 
ng angiotensin I/ml h) was significantly lower 
than in group A (7:8 (1-0 ng angiotensin I/ml 
h) (p < 0-05). Plasma concentrations of 
vasopressin (3-3 (0-9) pmol/l in group A ver- 
sus 3-2 (0-7) pmol/l in group B) and plasma 
adrenaline (398-43 (131-00) v 278-36 (98-24) 
pmol/l in group B) were not significantly 
different in the two groups. 

Table 2 shows the haemodynamic responses 
to baroreceptor stimulation. Pulmonary artery 
and right atrial pressures did not change sig- 
nificantly in either group. The tendency for 
heart rate to fall during baroreceptor stimula- 
tion was similar in the two groups. All 
patients in group A had an increase of cardiac 
output during baroreceptor stimulation (+ 1-5 
(0-3) Ifmin, p < 0-05) whereas in the nine 
patients in group B cardiac output decreased 
or remained unchanged (—0-6 (0-2) l/min, p 
< 0:01). The increase of cardiac output dur- 
ing baroreceptor stimulation in group A was 
caused by an increase in stroke volume (fig 1, 
table 2). In group B mean heart rate decreased 
slightly and because stroke volume did not 
change cardiac output fell (fig 2, table 2). 

The radial artery pressure was measured in 
three patients in each group during stimula- 
tion of the carotid sinus baroreceptors. Mean 
arterial pressure fell in five patients and 
remained unchanged in one patient in group B 
(92 (5) v 77 (4) mm Hg; p < 0-05). The 
number of patients was too small for the 
changes of blood pressure in each group to 
achieve statistical significance (table 3). In the 
three patients with severe heart failure (group 
A) systemic vascular resistance fell signifi- 
cantly (p < 0-05) whereas the systemic vas- 
cular resistance was not altered by baro- 
receptor stimulation in patients in group B 
(table 3). 
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Figure I Stroke volume index before (B) and during 
(C) carotid sinus baroreceptor stimulation in patents 
with severe (group A) and less severe heart failure 
(group B). 


Discussion 

Congestive heart failure is associated with 
increased sympathetic drive to the heart and 
blood vessels.17)” In mild heart failure the 
increased sympathetic activity is considered to 
be compensatory to preserve cardiac output. In 
severe heart failure, however, excessive sym- 
pathetic tone can lead to a further deterioration 
of cardiac function.” Physiological withdrawal 
of sympathetic tone could therefore unmask the 
effects of sympathetic overactivity. Stimulation 
of carotid sinus baroreceptors results in a 
physiological and almost instantaneous reflex 
withdrawal of sympathetic efferent activity and 
an increase of vagal efferent tone.’ '*"* This 
stimulus was therefore used to assess the 
haemodynamic changes caused by the altera- 
tions of autonomic tone. 

The most interesting finding of this study 
was the instantaneous increase in cardiac out- 
put and stroke volume index in patients with 
severe heart failure (group A), indicating 
improved cardiac performance when the 
carotid sinus baroreceptors were stimulated by 
negative pressure. 

The degree of carotid sinus baroreceptor 
stimulation must have been sufficient to alter 
the autonomic nervous efferent activity 
because the arterial pressure decreased sig- 
nificantly in the six patients in whom intra- 
arterial pressure was monitored, In addition, in 
patients with mild to moderate heart failure the 
same degree of baroreceptor stimulation in- 
duced a 10 mm Hg fall in blood pressure.” 


Table 3 Intra-arterral pressure during baroreceptor stimulation in three patients tn 
group A and three patients in group B 


Mean blood pressure (mm Hg) 


Heart rate (beats/min) 
Cardiac index (l/min per m 
Stroke volume mdex (mlj: 


Total peripheral vascular 
resistance (dyn s cm”) 


Group A Group B 
Before During Before During 
88 (6) 72 (6) 97 (8) 84 f 
95 (4) 94 (9) 76 (1) 1)* 
2:7 (0 2) 370 3)* 3-2 (0 2) 2:6(0 1) 
28 (2) 40 (4)* 42 (2) 38 (3)* 
10 (3) 9 (4) 7 (1) 5 (1) 
1245 (79) 729 (71)* 1141 (109) 1233 (55) 


Significance of differences with the baseline values *p < 0 005. 
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Figure 2 Heart rate before (B) and durmg (D) 
stimulation of the carotid sinus baroreceptors. 


Moreover, in normal subjects the same 
stimulus led to reflex changes of cardiac output, 
blood pressure, and forearm vascular resis- 
tance.” The hypotensive response after elec- 
trical stimulation of the carotid sinus nerves in 
man is not affected by atropine and therefore 
must be the result of a reduction in sympathetic 
vasoconstrictor tone and/or cardiac sympath- 
etic activity.” The decrease of heart rate in all 
patients in group B and in four patients in 
group A was further indirect evidence that the 
autonomic tone was altered by the degree of 
negative pressure that we applied. The 
activities of the renin-angiotensin or vasopres- 
sin system or alterations of body fluid volumes 
do not change during such short periods of 
baroreceptor stimulation, and therefore could 
not have affected the haemodynamic response. 
Because all cardiovascular reflex changes 
mediated by arterial baroreceptors are achieved 
by an integrated response of the autonomic 
nervous system we concluded that sympathetic 
tone was reduced and that vagal tone was 
simultaneously increased during this degree of 
baroreceptor stimulation.'® 

All patients in group A had heart failure in 
the New York Heart Association class 3, high 
concentrations of plasma noradrenaline, and 
high renin activity. Left ventricular filling 
pressure was higher and stroke volume was 
lower than in group B. Heart rate tended to be 
higher in patients in group A. Therefore, 
patients in group A had more severe heart 
failure with a greater degree of sympathetic 
stimulation than patients in group B. 

The changes in stroke volume during baro- 
receptor stimulation of the carotid sinus in 
group A could be the result of alterations of 
preload, afterload, and/or inotropic state. Dia- 
stolic pulmonary artery pressure (a measure of 
left ventricular filling pressure) was unchanged 
in group A during baroreceptor stimulation. 
The increase of stroke volume in group A could 
therefore not be explained by an altered pre- 
load. Consequently, the increase of stroke 
volume must have been produced by altera- 
tions in the inotropic state or afterload or both. 
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The substantial decrease of total peripheral 
vascular resistance during baroreceptor stimu- 
lation suggests that the stroke volume was 
increased by a large decrease in left ventricular 
afterload. The decrease in afterload was caused 
by a reduction in the sympathetic vasoconstric- 
tor tone, a reflex response that was reported in 
animals and humans.’*"*'**° A simultaneous 
increase in inotropic state seems less likely. The 
beneficial effect of a nearly immediate reduc- 
tion in sympathetic tone on stroke volume 
provides evidence that sympathetic over- 
activity may be detrimental in human heart 
failure; reflex sympathetic withdrawal im- 
proved the patient’s condition. This mechan- 
ism might also explain the poor prognosis in 
patients with high degrees of sympathetic 
activity.’ 

The reflex decrease of heart rate during 
stimulation of the carotid sinus baroreceptors 
in patients with heart failure was abolished by 
atropine and therefore must depend on an 
increase in vagal efferent tone.’ The same 
mechanism may be assumed in group A 
because heart rate decreased slightly in four out 
of five patients. ; 

In contrast, the patients with only mild or 
moderate degrees of left ventricular dysfunc- 
tion (group B) showed haemodynamic respon- 
ses to stimulation of the carotid sinus baro- 
receptors that resembled those in healthy 
subjects. Direct stimulation of the carotid sinus 
nerve and stimulation of the carotid sinus 
baroreceptors by negative pressure caused a 
slight decrease in heart rate in healthy volun- 
teers." Cardiac output was either un- 
changed” or decreased™ ™ during 40 mm Hg of 
negative pressure. The same degree of baro- 
receptor stimulation in group B caused a fall in 
cardiac output owing to a reduction in heart 
rate, The design of our study meant that we 
were unable to determine why stroke volume 
was unchanged. The unaltered systemic vas- 
cular resistance at a presumably lower blood 
pressure suggests that withdrawal of sym- 
pathetic vasoconstrictor tone caused a decrease 
in left ventricular afterload. Because preload 
did not change during baroreceptor stimula- 
tion the likely explanation was that a reflex 
withdrawal of the inotropic sympathetic sup- 
port to the heart was balanced by a reduction of 
afterload, resulting in an unchanged stroke 
volume. The degree of autonomic activity in 
these patients may therefore be regarded as a 
compensatory response to preserve cardiac 
output. 

The results of this study show that patients 
with severe heart failure may benefit from 
withdrawal of their intrinsic autonomic tone. 
Drugs that reduce the sympathetic tone may 
lead to haemodynamic improvement in such 
EEA 
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Time of occurrence, duration, and ventricular rate 
of paroxysmal atrial fibrillation: the effect of 


digoxin 


John M Rawles, Malcolm J Metcalfe, Kevin Jennings 


Abstract 


‘One hundred and thirty nine episodes of 


atrial fibrillation were identified from 
Holter recordings in 72 patients with 
paroxysmal atrial fibrillation. Parox- 
ysms occurred more often by day than by 
night, suggesting that attacks are more 
closely associated with sympathetic than 
with vagal activity. In 41 patients who 
were not taking digoxin there were 79 
episodes, and in 31 patients who were 
taking digoxin there were 60 episodes. 
Significantly more of the episodes that 
lasted for 30 minutes or more occurred 
in patients taking digoxin (13/17); the 
relative risk of a prolonged paroxysm 
associated with taking digoxin was 4'3 
(95% confidence intervals 1-6-11:9). The 
mean (SD) ventricular rate at the onset of 
the paroxysms was not significantly 
different in those taking digoxin (140 (25) 
beats/min) and in those who were not (134 
(22) beats/min). 

' In paroxysmal atrial fibrillation, pre- 
treatment with digoxin does not seem to 
reduce the frequency of paroxysms, or 
the ventricular rate when paroxysms 
occur, but it is associated with longer 
attacks. 


In paroxysmal atrial fibrillation some patients 
may experience distressing symptoms at the 
onset of a paroxysm, symptoms that are related 
to the tachycardia usually present when atrial 
fibrillation starts. Digoxin is generally effective 
in established atrial fibrillation in reducing the 
ventricular rate of patients at rest. It achieves 
this effect indirectly by slowing conduction 
through the atrioventricular node by increasing 
vagal tone. Digoxin is also sometimes used in 
paroxysmal atrial fibrillation in the hope that it 
will reduce the ventricular rate when parox- 
ysms start.’ However, in some patients with 
paroxysmal atrial fibrillation, paroxysms are 
more likely to occur at times of increased vagal 
activity, such as during sleep,’ so digoxin, with 
its vagotonic effect, may increase the frequency 
of attacks.* Moreover, by its action in reducing 
the atrial refractory period digoxin may make 
reversion to sinus rhythm less likely. Whether 
pre-treatment with digoxin is effective in 
reducing the ventricular rate in paroxysmal 
atrial fibrillation, or whether digoxin causes 
attacks to be more prolonged is not known. 
Since autonomic tone affects the likelihood 
of the occurrence and perpetuation of atrial 


fibrillation, variation of the rate of occurrence 
of attacks would be expected in parallel with 
the known diurnal variation of autonomic 
activity.’ In this study we noted the times of 
day that episodes of atrial fibrillation occurred. 
We also compared the ventricular rates at the 
onset of paroxysms, and noted the number of 
prolonged paroxysms, in patients with and 
without digoxin therapy. 


Patients and methods 

We selected Holter recordings showing 
paroxysmal atrial fibrillation in 72 consecutive 
patients who were being investigated for clini- 
cal reasons. All patients were in sinus rhythm 
at the start and end of the recordings, which 
lasted for 48 hours. For the purposes of this 
study paroxysmal atrial fibrillation was defined 
as the occurrence of at least five beats of 
supraventricular origin, with a totally irregular 
ventricular response, with no visible P or 
flutter waves, the arrhythmia lasting less than 
24 hours. Seventy two patients (32 men and 40 
women; mean age 72 (range 34-93) had arrhy- 
thmias which fulfilled these criteria. Associated 
diagnoses were as follows: none 45, ischaemic 
heart disease 12, sinoatrial disease 11, valvar 
heart disease two, hypertension two. Thirty 
one patients were taking digoxin, 11 were 
taking a f adrenergic blocker (five with 
digoxin), and nine were taking a calcium 
channel blocker (three with digoxin). We cal- 
culated the serum concentration of digoxin 
from the serum creatinine concentration and 
the body weight, using a nomogram based on 
the pharmacokinetics of digoxin.® The cal- 
culated serum digoxin concentration was 0 ug/l 
in 41, up to 1 g/l in 11, and over 1 pg/! in 20 
patients. 

The time of onset of each paroxysm was 
noted together with the ventricular rate, cal- 
culated from the first 5-10 beats of each 
paroxysm. In the case of prolonged bouts of 
atrial fibrillation lasting 30 minutes or more, 
the duration of the attack and the ventricular 
rate immediately before it ended were noted. 


Results 

TIME OF DAY OF PAROXYSMS (fig 1) 

There were 139 paroxysms recorded in 72 
patients, an average of 1-9 episodes during a 
two day recording (range one to seven). Of the 
total, 26 (19%) paroxysms occurred between 
the hours of 2200 and 0600, 56 (40%) between 
0600 and 1400, and 57 (41%) between 1400 and 
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Figure 1 Numbers of 
paroxysms of atrial 
fibrillation throughout the 
day and mght. 


Figure 2 Mean (95% 
confidence intervals 
ventricular rates for 
patients with three 
calculated serum digoxin 
concentrations. 
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2200. This distribution of paroxysms through- 
out the day was non-random (y* = 13-4, df = 2, 
p < 0-005). i 

There were 17"prolonged episodes of atrial 
fibrillation lasting 30 or more minutes (range 
30-1100 minutes). Their temporal distribution 
did not differ from that which could have 
occurred by chance (z? = 0-82, df = 2, NS). 


PROLONGED EPISODES AND DIGOXIN TREATMENT 
Thirteen of 17 patients with prolonged 
episodes of atrial fibrillation were taking 
digoxin, compared with 18 out of 55 patients 
who did not have prolonged episodes (y? = 8-4 
with Yates’s correction, p < 0:01). The relative 
risk of prolonged episodes of atrial fibrillation 
associated with digoxin treatment was 4-3 
(95% confidence interval 1-6-11-9). 


VENTRICULAR RATES DURING PAROXYSMAL 
ATRIAL FIBRILLATION 

The mean (SD) ventricular rate at the start of 
all paroxysms of atrial fibrillation was 136 
(23-6) beats/min. The mean ventricular rate 
was not significantly different in patients tak- 
ing or not taking digoxin (140 (25:3) v 134 
(22-2) beats/min, NS). Figure 2 shows the 
relation of the mean ventricular rates to cal- 
culated serum digoxin concentrations. 

The mean ventricular rate at the start of 
prolonged episodes of atrial fibrillation was 
140 (33-9) beats/min, and this was similar to 
that at the start of short bursts. ‘The ventricular 
rate at the start of prolonged episodes was not 
significantly different from that immediately 
before spontaneous termination, when it was 
138 (27:3) beats/min. 
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EFFECTS OF OTHER TREATMENT 

The number and time of day of paroxysms, the 
number of prolonged paroxysms, and the ven- 
tricular rates were not significantly different in 
the small number of patients taking $ adrener- 
gic blockers or calcium channel blockers com- 
pared with patients not taking these drugs. 


Discussion 

Paroxysmal atrial fibrillation is a difficult dis- 
order to investigate because of its essentially 
intermittent nature. In this study, where 
patients were selected by virtue of the chance 
recording of episodes of atrial fibrillation, the 
incidence of attacks was slightly less than one 
per day, of which 88% lasted less than half an 
hour. Any prospective study of paroxysmal 
atrial fibrillation is therefore severely ham- 
pered by the difficulty of documenting the 
occurrence of infrequent and usually brief 
episodes.’ Our study was not a randomised 
prospective trial, and the way in which patients 
were selected may have resulted in bias. Never- 
theless, our observations add to knowledge in 
this difficult area. 

Atrial dilatation, a shortened refractory 
period, reduced conduction velocity, and non- 
uniform repolarisation increase the likelihood 
of the induction of atrial fibrillation,® which 
may be triggered by an extrasystole arising 
from an irritable, ectopic focus.’ These condi- 
tions are found in a wide variety of physio- 
logical, pathological, and experimental states. 
Thus, cholinergic drugs applied directly to the 
atrium,”® or acetylcholine released by vagal 
stimulation” ? shorten the atrial refractory 
period and may lead to atrial fibrillation, 
especially if there is atrial distension with 
fibrosis or other pathological features.” Sym- 
pathetic stimulation, which may coexist with 
vagal activity, may also bring about the same 
end result by increasing cardiac excitability and 
hence the occurrence of extrasystoles. Precipi- 
tation of atrial fibrillation under clinical con- 
ditions of sympathetic or parasympathetic 
predominance has been described.‘ 

Digoxin enhances vagal tone, increasing the 
refractory period of the atrioventricular node. 
In established atrial fibrillation this property of 


digoxin is used to increase the degree of atrio- 
ventricular block and so reduce ventricular 
rate, It is most effective in this when vagal tone 
is already high, and relatively ineffective when 
vagal tone is low. Thus, although ventricular 
rate at rest may be controlled by digoxin, 
during exercise, when vagal tone is withdrawn 
and sympathetic activity predominates, ven- 
tricular rate may be regarded as excessive.” 

Digoxin also shortens the refractory period 
of atrial muscle, rendering the atrium more 
susceptible to fibrillation and increasing the 
rate of fibrillation should it occur. The result of 
its use in atrial fibrillation is therefore a com- 
promise between increased fibrillation rate and 
reduced atrioventricular conduction, with the 
beneficial effect of the reduced conduction 
generally predominating. 

In the patients selected for this study, parox- 
ysms of atrial fibrillation were twice as likely 
to occur by day as by night, suggesting that 
attacks were more closely associated with sym- 
pathetic activity than with vagal activity. 
Attacks were as frequent in patients taking 
digoxin as in those who were not. Mean ven- 
tricular rates during attacks were high and no 
different in patients taking or not taking 
digoxin. This lack of benefit from digoxin may 
have resulted from the conditions of low vagal 
tone and sympathetic predominance under 
which most of the paroxysms may be presumed 
to have arisen. 

While there is no evidence of reduction of 
ventricular rate during paroxysmal atrial fib- 
rillation, there is evidence that the use of 
digoxin resulted in longer attacks, a result 
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consistent with its action in reducing the atrial 
refractory period. 


We thank Carole Shirreffs RGN for her help with date 
processing. 
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Study of serum C-reactive protein concentration 


in cardiac failure 


Maurice Pye, Alan P Rae, Stuart M Cobbe 


Abstract 

The serum concentration of C-reactive 
protein was prospectively assessed in 37 
patients with various degrees of heart 
failure. The serum concentration of C- 
reactive protein was higher than normal 
in 26 (70%) patients. The concentration 
was directly related to the severity of 
heart failure and the stage of decompen- 
sation. Hepatic cell damage is the most 
likely stimulus to cytokine production 
and hence release of C-reactive protein 
in heart failure. Heart failure is an 
additional cause of raised serum concen- 
tration of C-reactive protein but the 
pathological importance of this feature 
is not yet known. 


C-reactive protein is synthesised in the liver 
and is an acute phase reactive protein. Its 
concentration in serum rises rapidly in 
patients in response to tissue injury, infection, 
or inflammation.! When the stimulus resolves, 
for example, with effective antimicrobial 
treatment, the concentration falls rapidly.’ 
Measurements of C-reactive protein were 
useful in diagnosing and assessing the extent 
of damage in myocardial infarction.” More 
recently it has been proposed as a marker of 
successful thrombolysis and early reperfusion 
in myocardial infarction.’ It has provided a 
complementary diagnostic test in infective 
endocarditis and has been used as an index of 
response to treatment in this condition.’ We 
noticed that patients who had evidence of 
heart failure in the absence of acute myocar- 
dial infarction, systemic infection, or inflam- 
matory disease had raised serum concentra- 


tions of C-reactive protein. The acute phase 
protein response has not been studied in heart 
failure. We prospectively studied serum con- 
centrations of C-reactive protein in patients 
with varying degrees of heart failure. 


Patients and methods 

PATIENTS 

We studied 37 patients admitted to hospital 
for investigation and treatment of cardiac 
failure (table 1). Heart failure was caused by 
ischaemic heart disease in 20, valve disease in 
10, idiopathic dilated cardiomyopathy in six, 
and systemic hypertension in one. We also 
measured the serum concentrations of C-reac- 
tive protein in 15 control patients admitted for 
routine coronary arteriography with no clin- 
ical evidence or history of heart failure and 
normal left and right ventricular function. 
Venous blood samples were obtained from 
patients on admission and every 24—48 hours 
during their hospital stay. The contro! group 
were sampled before and 24 hours after coron- 
ary arteriography. 


DEFINITIONS 
The diagnosis of cardiac failure was based on 
the following: 

(a) Left heart failure—sinus tachycardia 
> 90/min with a third heart sound and clinical 
or radiological evidence of a raised pulmonary 
venous pressure. 

(b) Right heart failure—raised jugular ven- 
ous pressure with or without congestive 
hepatomegaly and with or without peripheral 
oedema. 

This was supported by objective evidence 
of left or right ventricular dysfunction with 


Table 1 Clinical details and peak concentrations of serum C-reactive protein in 37 patients in heart failure 


Peak Peak 
Patient Age LVEF CRP Panent Age LVEF CRP 
no (yr) Sex Diagnons Cause Stage Severity (%) (mg/ml) |no (yr) Sax Dragnons Cause Stags Seventy (%) (mg/ml) 
1 56 M L+RHF HD Acute Severe 15 51 20 6 M LHF Hypertennon Chronic Severe 35 <10 
a 57 F L+RHF IHD Acute Severe 17 72 21 58 F LHF Valve Chronic Moderate 30 16 
3 63 M L+RHF IHD Acute Severe 12 90 22 62 M L+RHF IHD Acute Severe 20 51 
4 69 F L+RHF DCM Acute Severe 20 16 23 6 M LHF THD Chronic Moderate <10 
5 6 M IHD Chronic Severe 15 21 24 62 M RHF Valve Chronic Moderate 35 36 
6 68 M L+RHF Valve* Acute Severe 30 67 25 55 M  L+RHF IHD Chronic Mild 16 29 
7 61 M LHF THD Acute Severe 15 71 26 49 M 1L+RHF IHD Acute Severe 24 38 
8 63 M RHF Valve Chronic Severe 35 19 27 59 F L+RHF Valve Chronic Mild 28 <10 
9 55 F L+RHF DCM Acute Severe 12 20 28 57 M RHF Valve Chrono Severe 23 <10 
10 63 F RHF Valve Chronic Mild 40 <10 29 63 E L+RHF DCM Acute Severe 20 40 
11 55 F RHF Valve Chronic Mid 35 <10 30 62 M L+RHF IHD Acute Severe 14 75 
12 53 M LHF IHD Acute Severe 20 120 31 67 F L+RHF DCM Acute Severe 19 34 
13 52 F L+RHF DCM Aute Severe 15 47 32 6 M L+RHF IHD Acute Severe 15 83 
14 45 M L+RHF IHD Chronic Moderate 20 87 33 64 F LHF THD Chronic Severe 29 15 
15 52 F L+RHF IHD Acute Severe 20 135 34 57 M LHF IHD Chroasx Mild 30 <10 
16 50 F L+RHF Valve Acute Severe 30 22 35 65 F LHF DCM Acute Severe 20 <10 
17 6&2 F Valve Acute Moderate 33 27 36 68 M L+RHF IHD Chromc Mild 32 20 
18 61 M L+RHF IHD Acute Severe 29 <10 37 68 F L+RHF IHD Chromc Mild 28 <10 
19 6 M LHF IHD Chronic Severe 15 <10 
*Aortic and/or mitral disease 


DCM, dilated cardiomyopathy; IHD, ischaemic heart disease, LHF, left heart failure; RHF, right heart failure; LVEF, left ventricular ejection fracnon; CRP, C- 


reactive protein. 


a 


Study of serum C-reactive protein concentration in cardiac failure 


Table 2 Classtfication of degree of cardiac failure 


Mean PCWP Peripheral 
Category CXR (mm Hg) perfusion 
Mid Vascular redistribution 13-17 Normal 
Moderate Intersntal oedema 18-23 Normal 
Severe Alveolar oedema >23 Reduced 


ae OT ee SOE re OE 
CXR, appearance on chest x ray; PCWP, pulmonary capillary 
wedge pressure. 


either echocardiography, radionuclide scan- 
ning, or invasive haemodynamic measurement 
of pulmonary capillary wedge pressure. 
Patients were classed as having mild, 
moderate, or severe heart failure on the basis 
of peripheral perfusion and radiologically 
estimated or directly measured pulmonary 
capillary wedge pressure (table 2). Poor peri- 
pheral perfusion was based on finding two or 
more of the following criteria: (a) skin 
vasoconstriction, (b) hypotension (systolic 
blood pressure <90 mm Hg by cuff method), 
and (c) raised blood urea in the absence of any 
other identifiable cause. A few patients fitted 
into more than one class of severity and were 
placed in the highest category attained on the 
basis of any criterion. Heart failure was 
defined as acute if the onset or decompensa- 
tion has occurred within one month and as 
chronic if it had occurred more than one 
month before presentation. We did not distin- 
guish between acute or acute on chronic heart 
failure in our analysis. 


EXCLUSION CRITERIA 

We excluded patients with clinical or 
laboratory evidence of systemic infection or 
inflammatory or neoplastic disease. We mon- 
itored cardiac enzymes and electrocar- 
diograms to exclude any patient who had had 
a recent (<7 days) myocardial infarction. 


MEASUREMENT OF C-REACTIVE PROTEIN 
We measured serum concentrations of C-reac- 
tive protein by fluorescence polarimetry. The 
intra-assay coefficient of variation was <5% 
and a concentration of <10 pg/ml was re- 
garded as normal.® 


STATISTICAL ANALYSIS 

Groups were compared by the unpaired t 
test, and a p value <0-05 was regarded as 
significant. 


paNS ps0 01 = p<0-001 


= 
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Figure 1 Comparison between stage and degree of heart 
failure and serum concentration of C-reactive protein. 
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Figure 2. Serial concentrations of serum C-reactive 
protein from two patients with left ventricular fatlure who 
responded differently to treatment. 


Results 

Twenty six (70%) of the 37 patients had a 
raised serum concentration of C-reactive 
protein (table 1). None of the 15 control 
patients had a raised serum concentration. In 
14 (38%) patients it was slightly raised (10—40 
ug/ml) and in 12 patients (32%) it was con- 
siderably raised (>40 ug/ml). Figure 1 shows 
the relation between the degree of heart 
failure and the serum concentration of C-reac- 
tive protein. All but one of the 12 patients 
with a C-reactive protein concentration > 40 
ug/ml had severe heart failure and acute 
rather than chronic heart failure. Six patients 
had isolated right ventricular failure caused by 
valve disease or fixed pulmonary hypertension 
and all had serum concentrations of C-reac- 
tive protein <40 ug/ml. When acute cardiac 
failure was stabilised or improved with treat- 
ment the serum concentration of C-reactive 
protein gradually returned to normal values. 
Conversely in patients who deteriorated the 
serum concentrations of C-reactive protein 
tended to remain high (fig 2). 

Serum concentrations of aspartate and alan- 
ine transaminases were raised in 33% and 
23% of the patients respectively. There was 
no direct correlation between the serum con- 
centration of C-reactive protein and tran- 
saminase concentrations, which were more 
commonly raised in acute severe cardiac 
failure. The concentration of serum y- 
glutamyl transpeptidase too was more often 
(40%) raised in these patients but once again 
there was no close correlation with the serum 
concentration of C-reactive protein. 


Discussion 

We found that serum concentrations of C- 
reactive protein were higher than normal in 
70% of patients with cardiac failure although 
in about half the increase was quite small 
(<40 yug/ml). There was a significant 
difference between the serum concentrations 
of C-reactive protein in those with acute and 
chronic severe heart failure (fig 1). All but one 
patient with a considerably increased serum 
concentration of C-reactive protein (> 40 yg/ 
mi) had severe cardiac failure. The tendency 
for concentrations of C-reactive protein to fall 


with successful treatment (fig 2) also suggests 
that the severity of cardiac failure directly 
influences serum concentrations of C-reactive 
protein. In keeping with these findings de 
Beer et al noted that in eight patients whose 
recovery after a myocardial infarction was 
complicated by cardiac insufficiency or low 
output state, the serum concentration of C- 
reactive protein did not return to normal as it 
did in uncomplicated myocardial infarction.* 
Subgroup analysis of patients with predomin- 
antly forward or backward heart failure 
showed no significant difference in the serum 
concentrations of C-reactive protein. 
C-reactive protein is 
hepatocytes and normally only a trace is 
present in the plasma. It is part of the protein 
response in the acute phase to tissue injury 
along with other plasma proteins such as 
antitrypsin, caeruloplasmin, and fibrinogen. 
The rate of synthesis and secretion of C-reac- 
tive protein increases within hours of acute 
injury or the onset of inflammation.’ ° This is 
probably under the influence of several hor- 
monal mediators called cytokines—for exam- 
ple IL6 or hepatocyte stimulating factor. We 
think hepatic necrosis is the most likely site of 
tissue damage that leads to macrophage 
activation, cytokine production, and release of 
C-reactive protein in patients with heart 
failure. Hepatic centrilobular necrosis has 
been described in isolated left and right heart 
failure and congestive heart faihure as a result 
of reduced cardiac output, hypoperfusion, 
hypoxia, and venous congestion." This 
necrosis is often accompanied by alterations in 
other indices of liver damage or function par- 
ticularly hepatic release of transaminase.’'? 
In this present study serum concentrations of 
alanine and aspartate transaminase were raised 
in about a third of patients and the concentra- 
tion of y-glutamyl transpeptidase was more 
often raised. The synthesis and release of C- 
reactive protein is perhaps a more sensitive 
indicator of hepatic damage in this situation 
than either the concentrations of transaminase 
or transpeptidase. Alternatively, there may be 
additional sites of tissue damage in cardiac 
failure, for example kidney, brain, or skeletal 
muscle. Other possible causes of release of C- 
reactive protein in this clinical setting include 
occult infection or pulmonary thromboembol- 
ism. There was no clinical evidence of these 
complications and all patients with a sig- 
nificant fever—that is >37-:0°C on two 
occasions—or clinical evidence of any infec- 
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tion were excluded from the study even if 
blood, secretion, or tissue cultures were 
negative. Ventilation-perfusion lung scans 
were performed in nine patients and all were 
negative. In addition, 15 patients were well 
controlled on long term treatment with 
anticoagulants. 

The serum concentration of C-reactive 
protein provides a simple screening test for 
the presence of organic disease and is widely 
used. Because an increase in C-reactive 
protein is a non-specific response to tissue 
injury it must be interpreted in the light of 
clinical information. This study shows a fur- 
ther condition in which the serum concentra- 
tion of C-reactive protein is raised. It is 
important to be aware of this phenomenon 
when measurements of C-reactive protein are 
interpreted—for example in patients with 
leaking prosthetic cardiac valves, heart failure, 
and suspected infective endocarditis. It also 
raises the question whether acute phase reac- 
tive proteins or cytokines are involved in the 
pathogenesis of cardiac failure or are simply 
markers of tissue injury. 
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Reduction of factor VII coagulant activity (VIIC), 
a risk factor for ischaemic heart disease, by fixed 
dose warfarin: a double blind crossover study 


Leon Poller, Peter K MacCallum, Jean M Thomson, William Kerns 


Abstract 

An increase in factor VII coagulant 
activity is known to be an important risk 
factor for ischaemic heart disease. Four 
hundred and eight healthy male Post 
Office workers were screened in an 
occupational survey. Sixty eight (16°5%) 
of these had values of factor VII coagulant 
activity > 1:0 SD above the age 
related mean. A randomised double- 
blind crossover study was undertaken to 
investigate the effect of a fixed daily 
minidose of warfarin (1 mg) on the high 
activities of factor VII in these men. Forty 
two agreed to enter the study and 40 
completed it. Their mean factor VII 
coagulant activity before warfarin treat- 
ment was 135-9%. Treatment with a fixed 
minidose of warfarin significantly 
reduced factor VII coagulant activity to 
124-6%; there was no change on placebo. 
The prothrombin time was also signifi- 
cantly prolonged on active treatment 
although all the results remained within 
the normal range. 

These findings suggested a fixed mini- 
dose warfarin regime might be useful in 
the primary prevention of ischaemic 
heart disease by reducing high activities 
of factor VH. 


High activities of the procoagulant clotting 
zymogen factor VIIC were shown to be an 
important risk factor for ischaemic heart 
disease and to be of even greater significance 
than cholesterol in the first five years after 
screening.'* Warfarin given in conventional 
adjusted doses according to the response of 
prothrombin time reduces the activity of factor 
VIIC. Bern et al, however, recently showed 
that much less intense treatment with a small 
fixed dose of warfarin (2 mg daily) prevented 
blocking of central venous catheters in patients 
with malignant disease.? Subsequently, we 
showed that an even smaller fixed dose (1 mg 
warfarin daily) significantly reduced the 
incidence of postoperative deep vein throm- 
bosis.* 

The possibility that 1 mg warfarin daily 
might also reduce raised factor VII coagulant 
activity in healthy individuals was considered 
in the present study. We assessed the effects of 
this regimen in a randomised double blind 
crossover study in men with high factor VII 
coagulant activity. 


Patients and methods 

DESIGN OF STUDY 

Four hundred and eight healthy male Post 
Office workers (age range 18-65 years) took 
part in an occupational screening programme 
during which their prothrombin time and 
factor VII coagulant activity were measured. 
Factor VII coagulant activity increases with 
age.°® Forty two of the 68 men with high 
activity (>1 SD above the age related mean) 
agreed to participate by written informed 
consent. 

In this selected group a repeat assay was 
performed during the three week period before 
the start to establish a pretreatment baseline. 
The 42 men were then allocated by random 
numbers to receive either warfarin (1 mg/day) 
or matched placebo for an initial twelve weeks. 
A further blood sample was then taken and the 
treatment regimens were crossed over for the 
second twelve weeks. The tests were then 
repeated. 


LABORATORY METHODS 

Fasting venous blood samples were taken 
between 0800 and 0900 h on each occasion by 
means of a 19 gauge butterfly and plastic 
syringes. The blood (9 volumes) was 
anticoagulated with 3-2% trisodium citrate 
(1 volume) and centrifuged at 2000 g for 15 
minutes. Factor VII coagulant activity and 
prothrombin times were estimated in duplicate 
within one hour of sample collection. All assays 
were performed blind. 


Factor VII coagulant activity assay 

This was estimated in a one stage method with 
factor VIJ-deficient beagle plasma.’ A standard 
curve was obtained from pooled plasma 
prepared from 20 blood donor volunteers. The 
participants’ results were expressed as a 
percentage of the value from the normal pool. 
Inter assay variation was assessed by the 
International Standard for factor VII co- 
agulant activity (National Institute for 
Biological Standards and Control, London). 
The same batches of reagents were used 
throughout the study. 


Prothrombin time 

Prothrombin time was measured with 
Manchester Reagent thromboplastin. Inter 
batch variation was excluded by the use of 
calibrated lyophilised normal reference plasma 
samples prepared at the UK Reference 
Laboratory for Anticoagulant Reagents and 
Control. 
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Figure 1 Factor VII 
coagulant activity (mean 
(2 SE) ) before and after 


12 weeks on a fixed daily 
dose of 1 mg ‘arin. 

* Significant fall, 

p = 0-03. 


Figure 2 Factor VII 


coagulant activity (mean 
(2 SE) ) during treatment 
with a fixed daily dose of 1 


* Significant difference 
after warfarin treatment, 
p < 0-05. 
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STATISTICAL ANALYSIS 


We used log transformed values of factor VII 
coagulant activity because their distribution 
was positively skewed. Differences between 
and within groups were analysed by a repeated 
measures analysis of variance.’ We examined 
significant differences in detail using the 
Tukey range test as required. Analysis was 
performed on an “intention-to-treat” basis. 


Results 

Forty of the 42 men completed the study. Two 
withdrew for non-medical reasons. The age 
range was 31-61 years (mean 47-1). Com- 
pliance, estimated by counting the returned 
tablets, was 90% throughout the study in both 
groups. 

When the results of the two groups were 
combined, fixed minidose warfarin was found 
ta be associated with a significant reduction in 
factor VII coagulant activity, with a mean fall 
of 11:3% (p = 0-03) from the values 
immediately before the start of warfarin treat- 
ment. There was a fall in mean factor VII 
coagulant activity from 135-9% before 
warfarin treatment (95% confidence limits 
124:8-147:0%) to 1246% (114-4-134-8%) 
after 12 weeks’ warfarin treatment (fig 1). 

Figure 2 shows the serial changes in factor 
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Figure 3 Prothrombin times (mean (2 SE)) ae 
treatment with a fixed daily dose of 1 mg warfarin and 
during treatment with placebo. * Significant difference 
compared with baseline, p < 0-05. 


VII coagulant activity in the two order groups. 
This showed that the fall in factor VII 
coagulant activity in the men receiving war- 
farin first did not achieve statistical significance 
but in those receiving warfarin second the 
reduction in factor VII coagulant activity was 
significant (p = 0-05). There was a non- 
significant increase in factor VII coagulant 
activity in those receiving placebo first and a 
non-significant reduction in those receiving 
placebo after warfarin. 

There was a significant difference at baseline 
(p < 0-01) in the prothrombin time between 
those receiving warfarin first and placebo first, 
which has been allowed for in the analysis (fig 
3). On no occasion was the prothrombin time 
prolonged outside the normal range 
(13-5-17-5 s) but both groups showed that the 
prothrombin time during warfarin treatment 
was significantly longer than the immediate 
pretreatment values (p < 0-05). In those 
receiving warfarin first the prolongation of the 
prothrombin time was maintained at the end of 
the placebo period. No clinical side effects of 
treatment were reported. 


Discussion 

The study showed that a very small fixed dose 
of warfarin (1 mg daily) significantly reduced 
factor VII coagulant activity in healthy male 
Post Office workers with high activities. The 
fixed daily dose of 1 mg of warfarin that we 
used is much less than the range of mean 
adjusted maintenance daily doses (2:45-8-76 
mg) reported in an international survey.’ It is 
also considerably less than the mean daily doses 
of 5-8 and 4-9 mg used by Hull and colleagues 
to prevent recurrent venous thrombosis.” In an 
earlier study we found that the fixed daily dose 
of 1 mg warfarin significantly reduced the 
incidence of deep vein thrombosis after major 
surgery.* This suggested that a small reduction 
in factor VII coagulated activity achieved with 


, this regimen is clinically effective, and might 


also protect against the subsequent develop- 
ment of ischaemic heart disease. The effects of 


M 
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Reduction of factor VII coagulant activity (VIIC), a risk factor for ischaemic heart disease, by 


fixed minidose warfarin have not previously 
been investigated in individuals predisposed to 
arterial disease. 

The present results suggest that the fixed 
dose of 1 mg warfarin daily might have bene- 
ficial effects on this major risk factor for 
ischaemic heart disease without disturbance of 
normal haemostasis. The reduction in factor 
VII coagulant activity was associated with a 
parallel prolongation of the prothrombin time, 
but within the limits of the normal range. The 
effect on the prothrombin time was more 
uniform than that on factor VII coagulant 
activity in the two groups presumably because 
the prothrombin time unlike the assay for 
factor VII coagulant activity also refiects 
depression of additional clotting factors 
reduced by warfarin—for example factors II 
and X. The sustained depression of factor VII 
coagulant activity in the group receiving war- 
farin first was unexpected and of interest but 
requires confirmation by further study. 

Meade et al showed a positive association 
between factor VII coagulant activity and the 
subsequent development of ischaemic heart 
disease.'* This relation seemed even stronger 
than the well recognised association between 
raised cholesterol in the subsequent 5 years and 
the mortality from ischaemic heart disease. 
Factor VII coagulant activity was high after 
recent thrombosis’ and in several states 
associated with an increased risk of ischaemic 
heart disease, including increasing age,‘ 
hyperlipidaemia,’ ” obesity," high fat intake,” 
and diabetes. Raised activity of factor VII 
coagulant activity was also associated with use 
of oral contraceptives,” pregnancy,’ and the 
menopause.” 

The therapeutic range for the treatment of 
arterial disease, including myocardial infarc- 
tion, recommended by the British Society for 
Haematology is an International Normalised 
Ratio of between 3-0 and 4-5." This represents 
a minimum prolongation of 30 seconds over the 
upper limit of the normal range with the 
Manchester Reagent thromboplastin used to 
measure the prothrombin time in the present 
study. The maximum prolongation in any of 
our subjects was 2-25 s and in no instance did 
the prothrombin time exceed the upper limit of 
the normal range. 

Oral anticoagulant treatment has been 
claimed to be effective in secondary prevention 
of myocardial infarction when given in 
traditional adjusted doses™ but no studies have 
yet been published on the value of oral 
anticoagulants in the primary prevention of 
ischaemic heart disease. A large clinical trial is, 
however, in progress in the United Kingdom to 
see whether less intense anticoagulation (target 
International Normalised Ratio 1-5) with an 
adjusted dose of warfarin is effective.” 

The epidemiological evidence indicates that 
raised activity of factor VII is an important risk 
factor for ischaemic heart disease. It is possible 
therefore that reduction of high activities by 
fixed dose warfarin might be beneficial. To 
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investigate this requires a much larger series of 
high risk subjects with raised factor VII 
coagulant activity followed for a considerably 
longer period. Minidose warfarin may have the 
advantage of not requiring frequent or regular 
laboratory monitoring, which is an essential 
prerequisite and limitation of adjusted dosage. 
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Abstract 

Phaeochromocytoma is rare and usually 
presents as paroxysmal or sustained 
hypertension; none the less, it can also 
cause severe acute pulmonary oedema in 
normotensive individuals. 

Six patients with phaeochromocytoma 
presenting in Cornwall and West Devon 
between 1982 and 1986 are described. Five 
of them died of pulmonary oedema with- 
in 24 hours of the onset of symptoms. At 
necropsy all five had normal sized hearts 
and in the four hearts examined by his- 
tology there was evidence of cate- 
cholamine induced heart disease in the 
form of focal myocardial necrosis. The 
sixth patient presented with arterial 
spasms and pulmonary oedema. Surgical 
removal of the causative tumour was 
successful in this patient. 


The commonest manifestations of phaeo- 
chromocytoma are paroxysmal or sustained 
hypertension with paroxysms of adrenergic 
stimulation, causing palpitation, headaches, 
sweating, pallor, tremors, and anzxiety.! 
Phaeochromocytomas account for about 
0-04% of cases of hypertension,” but there is a 
distinct group of patients with phaeochromo- 
cytoma who remain normotensive despite 
active metabolites being secreted.** Sometimes 
high blood pressure may fall back to normal 
values because of myocardial damage,’ and 
normotensive patients who do not have par- 
oxysmal symptoms may be more likely to die as 
a result of adrenergic heart disease because the 
diagnosis is not suspected.® Although rare, 
hypotension can occur when f# adrenergic 
stimulation overrides a adrenergic 
stimulation.’ 

Acute pulmonary oedema is less widely rec- 
ognised as a feature of phaeochromocytoma. 
We report six such patients, of whom five 
presented with acute pulmonary oedema. 


Case reports 

PATIENT 1 

A 71 year old woman was admitted to hospital 
as an emergency with acute chest pain and 
breathlessness. She was tachycardic (heart rate 
150 beats/min), tachypneeic (respiratory rate 
36 per min), pyrexial (axJlary temperature 
40°C), and cyanosed. She was normotensive 
(blood pressure i30/80 mmHg) and the 
jugular venous pressure was not raised. Heart 
sounds were unremarkable and there were 


bilateral scattered crepitations. The chest x ray 
showed a slightly enlarged cardiac shadow and 
pulmonary oedema. The electrocardiogram 
showed sinus tachycardia, poor R wave pro- 
gression in the chest leads, and non-specific T 
wave changes. Full blood count and electro- 
lytes were normal and analysis of arterial blood 
gases showed Po, 9-8 kPa, Pco, 3-2 kPa, and pH 
7:2. She deteriorated rapidly and despite resus- 
citative measures she died within two hours of 
admission. 

At necropsy the heart weighed 285 g (normal 
250-400 g) with minimal dilatation of both 
ventricles. No significant lesions were found in 
the coronary arteries and histological examina- 
tion of the heart showed patchy muscle fibre 
necrosis with phagocytosis. Severe haemor- 
rhagic oedema was found in both lungs, which 
showed no evidence of acute pulmonary infarc- 
tion. A tumour 4 cm in diameter was found in 
the right adrenal gland and histology showed 
this to be a phaeochromocytoma. 


PATIENT 2 

A 63 year old woman was admitted with a 
history of chest pain and breathlessness for two’ 
hours. The week before she had presented to 
the local cottage hospital with malaise, pedal 
oedema, and non-specific chest discomfort. 
She had had no other significant problems in 
the past and had never had hypertension. On 
admission she was pale with sinus tachycardia 
of 146 beats/min and blood pressure of 110/70 
mm Hg. Jugular venous pressure was 3 cm 
above the sternal angle and auscultation 
showed a gallop rhythm. She had widespread 
crepitations in both lung fields. The electrocar- 
diogram showed no evidence of myocardial 
infarction or left ventricular hypertrophy and 
the chest x ray was consistent with pulmonary 
oedema. She was treated with frusemide, 
amoxycillin, and dobutamine but she did not 
respond to these measures and died within 
eight hours of admission. 

At necropsy the heart weighed 350 g (normal 
250—400 g) and was macroscopically normal. 
Histological examination of the myocardium 
showed vacuolar and focal necrosis with an 
inflammatory reaction. The coronary arteries 
were normal. The airways contained frothy 
liquid and the lungs were moist on section with 
microscopic changes consistent with acute pul- 
monary oedema. The right adrenal gland was 
replaced by a phaeochromocytoma weighing 
70 g with typical histology. 


PATIENT 3 
This 39 year old woman with long standing 
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rheumatoid arthritis started getting “funny 
turns” in 1976 when she was 29. Episodes 
lasted between two and 30 minutes when she 
experienced palpitation, chest tightness, and 
breathlessness. She was extensively investi- 
gated and initially it was felt that her symptoms 
were caused by refractory supraventricular 
tachycardia. Subsequent electrophysiological 
studies showed an atrioventricular accessory 
pathway, although later it was thought that this 
could not explain her various symptoms and 
the different types of ventricular and supra- 
ventricular tachycardias seen on Holter moni- 
toring. Urinary concentrations of 4-hydroxy- 
3-methoxymandelic acid were assayed on 
numerous occasions but were always normal. 
Provocation tests with glucagon and tyramine 
were also within normal limits. 

Symptoms settled spontaneously but in May 
1986 she was admitted to hospital unconscious, 
tachycardic, and tachypnoeic after being resus- 
citated after a sudden collapse at home. She was 
found to have gross pulmonary oedema and 
was deeply unconscious with evidence of 
anoxic brain damage. She died shortly after 
admission despite full supportive treatment. 

At necropsy the heart size was normal (300 g) 
and the coronary arteries were widely patent. 
The air passages contained a moderate excess 
of frothy mucus. The lungs were collapsed with 
considerable frothy oedema and congestion. 
Histological examination of the heart showed 
multiple foci of myocardial cell necrosis and 
surrounding infiltration with acute inflam- 
matory cells. A phaeochromocytoma weighing 
200 g and 7 cm in diameter was found in the 
right adrenal gland. 


PATIENT 4 
A 44 year old woman who was 36 weeks’ 
pregnant was admitted in October 1986 with 
hydramnios and an abnormal glucose tolerance 
test. Her first two deliveries had been normal 
and although the third had been uncomplicated 
the baby had spina bifida and died soon after 
birth. Subsequently she had three miscarriages 
(fetal ages between eight and nine weeks). In 
1985 she was investigated for episodic palpi- 
tation which she had had for 20 years. Supra- 
ventricular tachycardia was documented and 
no cause was sought. 

Labour was induced by artifical rupture of 
membranes because of the hydramnios but 
failed to progress. At subsequent caesarean 
section a live baby was delivered but post- 
operatively tachycardia, hypotension, and 
severe pulmonary oedema developed in the 
mother. She had a cardiac arrest but was 
successfully revived and transferred to the 
intensive care unit. Despite full cardiopul- 
monary support, she had a further cardiac 
arrest and died within 12 hours of the caesarean 
section. 

At necropsy the heart size was normal 
(295 g). The valves and coronary arteries were 
completely normal. Myocardial histology 
showed focal necrosis and inflammatory cells. 
The airways and lungs showed changes consis- 
tent with pulmonary oedema. The right 
adrenal gland was replaced with a dark brown 
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tumour weighing 125 g and histology showed 
this to be a phaeochromocytoma with haemor- 
rhagic and necrotic areas. 


PATIENT 5 

A 69 year old retired quarry worker collapsed 
and died while working on his farm. A short 
time before he had complained to his family of 
feeling generally unwell and breathless. There 
was no relevant past medical history and the 
general practitioner’s records showed him to be 
normotensive. 

At necropsy the heart size was normal 
(375 g). The coronary arteries showed a few 
patches of atheroma and the aorta showed 
moderate atherosclerosis. Microscopic exam- 
ination of the heart was not performed. Both 
lungs were oedematous. A tumour 7 cm in 
diameter was found attached to the posterior 
abdominal wall, near the bifurcation of the 
aorta. Histologically this was found to be a 
phaeochromocytoma. 


PATIENT 6 

This 48 year old crane driver was admitted to 
hospital in 1981 with sudden onset of gangrene 
of the left forefoot, headaches, and breathless- 
ness. He was normotensive and had normal 
heart sounds. The chest x ray showed slight 
cardiomegaly and pulmonary oedema, which 
responded to conventional diuretic treatment. 
An attempted embolectomy via the left 
popliteal artery produced no clot and the 
possibility of a vasospastic phenomenon was 
considered. A few days later a left below knee 
amputation was performed and histological 
examination of this showed no evidence of 
arterial disease. After the operation he was 
referred to the physicians and had several 
further investigations including an electro- 
cardiogram, echocardiogram, and measure- 
ment of urinary concentrations of 4-hydroxy- 
3-methoxymendelic acid—all were within 
normal limits. 

One year after the initial presentation he had 
a left lumbar sympathectomy performed 
because of persistent problems with a cold blue 
stump. 

A second exploration was attempted two 
years after the initial presentation because of 
continuing pain in the stump, with a view to 
excision of the long saphenous nerve. During 
the operation pulmonary oedema developed. 
Postoperatively his blood pressure was 110/70 
mmHg and the urinary concentration of 
metadrenaline was raised (8-2 pmol/l (normal 
<5 pmol/l)). A computed tomogram showed a 
right adrenal tumour. At operation a phaeo- 
chromocytoma measuring 4 x 5cm was 
removed. He made a good postoperative 
recovery. 


Discussion 

Cardiovascular injury induced by sympatho- 
mimetic amines has been well recognised for 
some time in both humans and experimental 
animals.” ° It is also recognised that myocardial 
lesions produced by high doses of catechola- 
mines are similar in all species including 
humans.’ The finding of foci of myocardial 


cellular necrosis is consistent and predominant. 
Initial lesions show diffuse oedema and minor 
alteration of myocardial nuclei. Later, focal 
myofibril degeneration with loss of striation of 
individual myocytes is seen.’° Inflammatory 
cellular infiltration takes place in response to 
this. When phaeochromocytomas were trans- 
planted into rats the heart consistently showed 
multifocal lesions of enhanced interstitial and 
replacement fibrosis, granularity of the cyto- 
plasm and contraction band necrosis, and 
mixed inflammatory infiltrates six weeks after 
transplantation.!! More advanced lesions had 
more fibrosis and did not show inflammatory 
cells! 

During the earlier stages, the myocardium in 
patients with phaeochromocytomas resembles 
that seen in patients treated with noradrenaline 
(norepinephrine) and the term ‘“‘norepine- 
phrine myocarditis” has been used to describe 
the cardiac lesion.’ '? Others have used the same 
term because of functional improvement in the 
cardiac condition after surgical removal of the 
phaeochromocytoma.” It is perhaps more 
appropriate to use only the term “focal myocar- 
dial necrosis” because the inflammation is 
always a secondary process" or “catecholamine 
induced cardiomyopathy” which is the term 
that we have used. Previously it has been 
suggested that the incidence of clinically sig- 
nificant catecholamine induced cardiomyo- 
pathy is far less than that seen at necropsy.” 

Studies of catecholamine induced cardio- 
myopathy have shown a global reduction in 
myocardial pump function caused by a com- 
bination of down-regulated 8 receptors and a 
net reduction in viable myofibrils.’ Rabbit 
hearts with catecholamine induced cardio- 
myopathy had a reduced inotropic sensitivity 
to noradrenaline and also a reduced response to 
calcium chloride infusion. The pathogenesis of 
catecholamine induced cardiomyopathies is 
probably multifactorial. Catecholamine in- 
duced vasospasm leading to hypoxia is impli- 
cated and supported by the finding that more 
severe lesions are located near the cardiac 
apex—an area of peripheral coronary circu- 
lation.” Excess noradrenaline also induces 
changes in permeability of the sarcolemmal 
membrane leading to increased calcium influx. 
This excess intracellular calcium has a direct 
toxic action giving rise to cellular necrosis. 
Although calcium is undoubtedly important, it 
is not the exclusive factor causing damage.'* "° 
There is evidence that the oxidised products of 
catecholamines may be toxic and contribute to 
the damage.’ It has also been proposed that the 
injury process might involve damage by free 
radicals.” 

The commonest manifestations of phaeo- 
chromocytoma are of paroxysmal or sustained 
hypertension or symptoms of paroxysmal 
adrenergic stimulation, such as palpitation, 
headaches, anxiety, sweating, and tremors; 
rarer presentations, such as acute abdomen, 
cerebrovascular events, myocardial infarction, 
hyperglycaemia, postural hypotension, shock, 
and heart failure have been reported. 

We described five normotensive patients 
with phaeochromocytoma presenting with pul- 
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monary oedema as a dominant feature. In the 
patient who died suddenly pulmonary oedema 
was seen at necropsy. None had confirmed 
hypertension. Five of the patients had normal 
sized hearts. Histological examination under- 
taken in four of our patients showed extensive 
focal myocardial necrosis. 

The diagnosis of phaeochromocytoma was 
considered in two of the six patients described. 
One gave a history of paroxysmal symptoms 
before presenting with severe heart failure as a 
terminal event (patient 3); the other had 
additional vascular spasms together with pul- 
monary oedema (patient 6). Both of these 
patients had normal urinary concentrations of 
4-hydroxy-3-methoxymandelic acid initially 
but neither was examined by computed tomo- 
graphy when they first presented and this 
investigation might have led to the correct 
diagnosis being reached earlier. In patient 6, a 
subsequent computed tomogram confirmed 
the presence of an adrenal phaeochromo- 
cytoma. We now use computed tomography in 
the initial assessment of patients in whom the 
diagnosis of phaeochromocytoma is strongly 
suspected despite normal urinary concentra- 
tions of 4-hydroxy-3-methoxymandelic acid. 
The remaining four patients presented rapidly 
and died before relevant investigations could 
be performed. 

Our experience indicates that phaeo- 
chromocytomas cause clinically important 
catecholamine induced cardiomyopathy more 
commonly that has been thought. In patients 
with phaeochromocytoma presenting with 
acute heart failure the prognosis can be very 
poor because of the extensive focal myocardial 
damage. 

In patients presenting with heart failure 
without any obvious cause, the diagnosis of 
phaeochromocytoma should be considered. 
Urinary concentrations of 4-hydroxy-3- 
methoxymandelic acid should be measured and 
computed tomography should be undertaken 
as soon as possible. 


We thank the following consultants for the inclusion in this 
report of patients under their care: Dr A J Marshall, Dr E W 
Hughes, Dr B J Prout, and Dr J L Dunscombe, 


1 Ross BJ, Griffith DNW., The clinical presentauon of pheo- 

chrom: oma. O J Mad 1989;266:485-96, 

2 Kuska 1, Kokot » Drab M, Drobisz M. Frequency of 

medence of particular etiological forms of arterial hyper 
iison Dazed on 5155 cases analysis. Kardiol Pol 1988 
31: T 

3 Page LB, Raker JW, Berberich FR. Fheociromocyiomt 
with pred predominant epinephrine secretion. Am J Med 1969, 

4 Garein R, Tanig JM Pheochromocytoma masqu 

a cardiomyopathy Am J Cardiol 1972529-568~7 1. 

5 Baker G, Zeller NH, Weitzner S, Leach JK, Albuquerque 
Ae i Pheochromocytoma without ut hypertension present- 

mr: Am Heart J 1972;83:688-93, 

6 Mnai El EL, adwel JR, Kelly AR, Morales AR The 
diagnosis of pheochromocytoma. "TAMA 19665196: 
110713 

7 Szakacs JE, Cannon A. l-Norepinephrine myocarditis. Am J 
Clin Pathol 1958530 425-34. 

8 Handforth CP. Isoproterenol-induced myocardial infarc- 
tion in anumals. Arch Pathol 1962;73:83-7. 

9 Haft JI Cardiovascular injury induced by sympathetic 
catecholammes. Prog Cardiovasc Dis 1974317 73-86. 

10 Van Vliet PD, Burchell HB, Titus JL. Focal myocardius 
assoctated with pheochromocytoma N Engl J Med 1966; 
274:1102-8. 

11 Rosenbaum JS, Billingham ME, Ginsberg R, er al. 
Cardiomyopathy ın a rat model of pheochromocytoma. 
Morphological and functional alteranons. Am J 
Carchovase Pathol 1988,1:389-99, 


mi 


Phaeochromocytoma and catecholamine induced cardiomyopathy presenting as heart failure 


12 Kline IK. Myocardial alterations associated with pheo- 
chromocytomas. Am J Pathol 1961;38.539-51. 

13 Imperato-McGinley J, Gauter T, Ehlers K, Zullo MA, 
Goldstein DS, Vaughan ED. Reversibility of cate- 
cholamine induced dilated cardiomyopathy in a child with 

a pheochromocytoma. N Eng! J Med 1987;316°793-7. 

14 Bloom S. Catecholamine cardhomyopathy [Letter]. N Engl J 
Med 1987;317:900. 

15 Yankopoulos NA, Montero AC, Curd WG, Kahi ME, 

Condon RE, Observations on myocardial function during 
chronic catecholamme oversecretion. Chest 1974566 


585-7. 
16 Fripp RR, Lee JC, Downing SE. Inotropic responsiveness 


237 


of the heart m catecholamine cardiomyopathy. Am Heart J 
1981;101:17-21. 

17 Takanori C, Tanimura A, Sarto Y Catecholamine-mduced 
cardiomyopathy accompanied with pheochromocytoma. 
Acta Pathol Jpn 1987;371:123-32. 

18 Bloom S, Davis DL. Calcium az mediator of isoproterenol- 
induced myocardial necrosis. Am J Pathol 1972;69: 

459-70. 


19 Rona G. Catecholamme cardiotomcity. J Mol Cell Cardiol 
1985;17:291-306. 

20 Singal PK, Kapur N, Dhilon KS, et al. Role of free radicals 
in catecholamme induced cardiomyopathy. Can J Physiol 

Pharmacol 1982;60:1390-7. 





VIEWS FROM THE PAST William Evans 














William Evans’s obituary was printed in the 
British Heart Journal of January 1989. Here he 
is photographed by me in 1975 on his farm in 
Tregaron, Cardiganshire, where he was born in 
1895 and died in September 1988, aged ninety 
two. Wallace Brigden, writing in Munk’s Roll, 
says that “On retirement from the London 
Hospital he returned to the Wales he loved. 
The Principality reciprocated in making him 
High Sheriff of Cardigan and an Honorary 
Druid. He placed both of these honours above 
the legion of professional ones which came his 
way. He was not the most eminent cardiologist 
of his time but one of the most unusual, well 
known and well liked. In retrospect, medicine 
in general and cardiology in particular seemed 
to be only an interlude, albeit an absorbing and 
exciting one which occurred between child- 
hood in the Teify Valley overlooked by 
Cambrian hills and the same unchanged scene 
in his twenty five years of retirement.” 
AUBREY LEATHAM 
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Balloon dilatation of the aortic valve in a pulsatile 
flow model: assessment of the mechanisms and the 
magnitude and duration of changes in valve area 


and gradient 


Eric Rosenthal, Joseph K Montarello, Alex C Perakis, Edward G C A Boyd, 
Michael Rosin, Alan K Yates, Philip B Deverall, Edgar Sowton, Paul V L Curry 


Abstract 

Eighteen stenotic aortic valves (17 
removed at operation) mounted in a pul- 
satile flow duplicator were dilated with a 
balloon catheter. Sequential measure- 
ments showed that the valve area 
initially increased from a mean (SD) of 
0°52 (0°16) to 0:78 (0-17) cm’, It was 0-73 
(0°16) cm’ five minutes after dilatation 
and this was little changed at four weeks 
(0-70 (0°15) cm’). Initially the mean 
transvalvar gradient fell significantly 
from 54 (27) to 32 (8) mm Hg but 
increased to 35 (10) mm Hg at five min- 
utes and to 40 (11) mm Hg at four weeks. 
In six valves stretching of the orifice was 
the only mechanism responsible for the 
changes while in the remainder there 
was tearing through commissures with a 
greater initial increase in area (0-31 v 
0°18 cm’) and a smaller decrease in area 
at five minutes (0-03 v 0°08 cm’). Frac- 
tures of calcific deposits in non-commis- 
sural positions were seen in one valve 
only, 

This laboratory study of isolated aortic 
valves showed a significant but small 
increase in valve area after balloon 
dilatation, which was greater when com- 
missural tearing had occurred. Recoil of 
the stretched orifice was complete at five 
minutes and there was little further 
change over the next four weeks. 


Percutaneous balloon dilatation of the aortic 
valve in elderly patients with calcific aortic 
stenosis deemed to be at high risk from conven- 
tional operation was first described as a 
palliative procedure by Cribier ez al and 
McKay et al in 1986.'? Their initial encourag- 
ing reports were soon followed by larger 
studies with more impressive results.>° Other 
reports suggested only a very limited effect 
from balloon dilatation® and provided evidence 
of a rapid loss of any haemodynamic 
improvement.’ Recent studies showed that 
more than half the patients had died, under- 
gone valve replacement or redilatation, or had a 
recurrence of symptoms at mean follow up 
periods of 5-8 months*"”! and the value of the 
procedure remains uncertain. 

Haemodynamic evaluation of dilatation of 
the aortic valve is confounded by several 
procedural factors including myocardial 


depression during balloon inflation, haemor- 
rhage, arrhythmias, and vagal effects. Aortic 
valve area estimations by the Gorlin formula 
may be unreliable at discriminating small 
changes, especially in patients with low cardiac 
outputs, and the timing of non-invasive assess- 
ments has varied between studies. 

Both the procedural and methodological 
limitations to haemodynamic assessment have 
contributed to uncertainty about the real and 
apparent effects of the procedure. Intra- 
‘operative simulation was limited to single 
measurements before and after dilatation and 
like most in vitro studies’? ® did not measure 
areas and gradients during flow. We performed 
balloon dilatation in 18 stenotic human aortic 
valves mounted in a pulsatile flow duplicator 
and measured the sequential changes in area 
and gradient without the constraints present in 
clinical practice. 


Patients and methods 

VALVES 

Of the 18 valves, seventeen were removed 
intact at aortic valve operation and one at 
routine necropsy. Fourteen valves were stored 
in 10% formaldehyde while four were used 
fresh from operation and thereafter stored in 
homograft valve nutrient solution." Pre- 
operative peak to peak catheter gradients ran- 
ged from 50 to 130 mm Hg and significant 
aortic regurgitation was present in only three 
patients. Eleven valves were bicuspid, six 
tricuspid, and one unicuspid. In two patients 
percutaneous balloon dilatation had been per- 
formed without sustained symptomatic 
improvement (table 1). 


TEST APPARATUS 

The pulsatile flow duplicator” consisted of a 
roller pump connected to a pulsatile control 
unit (Stockert Shiley model PFC II; Shiley 
Ltd, Berkshire) that continuously recirculated 
saline from a 10 litre reservoir through the 
stenotic valves when placed in the test chamber 
(fig 1). The valves were mounted with silk 
sutures and cyanoacrylic glue on to a truncated 
polyvinyl chloride cone, cut to the diameter of 
the valve ring, and the 40 mm diameter base 
was then clamped into the test chamber. The 
test chamber had a translucent end plate with 
eight radial flow outlet ports arranged sym- 
metrically around the circumference, allowing 
a centrally placed video camera (Hitachi GP 
5E/1E; Hitachi Ltd, Tokyo, Japan) to be 





Balloon catheter port 


Figure l Cross section through the test chamber 
contaimng a valve mounted on to a cone fixed tn place by 
the cone retaining plates. Saline at 37°C was 
continuously pumped at 4 l/min through the valve im the 
direction indicated by the arrows. The saline left the 
chamber ma radial outlet ports placed symmetrically 
around the video camera which had an unobstructed view 
of the valve during flow. 


aligned above the valve. The magnified image 
of the aortic valve was displayed on a video 
monitor and stored on video tape (Racal Store 
7; Racal Recorders, Southampton). The 
maximal aortic valve area was then measured 
by planimetry from the monitor screen with a 
bitpad (Bit Pad 1 digitiser tablet; Summa- 
graphics, Fairfield, USA) interfaced to a Com- 
modore computer (Model 4032; Commodore, 
USA). A calibration ring set at valvar level was 
used for reference. Pressure ports in subvalvar 
and supravalvar positions allowed 
measurement of the mean transvalvar gradient 
by substraction of the integrated pressure-time 
curves (Hewlett Packard models HP 1209 A 
and HP 7754 B). The saline was maintained at 
37°C (1°C) and delivered at a constant output of 
4 litres per minute with an ejection period of 
45% and repetition rate of 70 per minute. The 
model is capable of delivering up to 5 4 litres 
per minute but was set at the lower level to 
reduce the stresses on the valves which were 
due to undergo repeated measurements. We 
showed that the valve area of stenotic valves in 
this model was maximal at a flow of 3 litres per 
minute.? 


PROCEDURE 

The mounted valve was placed in the test cell 
and saline was circulated for 30 minutes (allow- 
ing equilibration of temperature and dissolved 
gases) before the valve area and mean trans- 
valvar pressure gradient were measured. A 
20 mm balloon (Meditech, USA) was advanced 
anterogradely through the valve over a 0:35 
inch J guide wire and positioned with the 
centre of the balloon inside the valve orifice as 
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seen from the side view. The balloon was 
inflated to 3 atmospheres (303 kPa) (manufac- 
turer’s limit) during continuous video record- 
ing. When obvious commissural tearing 
occurred the balloon was deflated after 30 
seconds; otherwise inflation was maintained for 
a full minute. During inflation the circulation 
was temporarily stopped to avoid pressure 
overload to the circuitry and valve and the 
circulation was restarted on deflation. Five 
seconds after the flow had been re-established 
we measured the valve area and gradient. These 
measurements were repeated at 5, 10, 15, 20, 
25, 30, 60, and 120 minutes while the flow was 
maintained continuously. The valve was 
removed from the chamber and stored in the 
appropriate medium. At 24, 48, and 72 hours 
and at 1, 2, and 4 weeks the valve was returned 
to the test chamber and, after 30 minutes of 
flow, the area and gradient were measured as 
before. In two valves complete data were not 
obtained and in one video recordings were 
inadvertently erased during subsequent 
recordings. 


RADIOGRAPHY 

Valves were examined by projection 
microradiography with a Hilger Watts gen- 
erator (London) before and after balloon 
dilatation. The images produced were 3-5 times 
real size and showed the calcific deposits in fine 
detail. 


DATA ANALYSIS 

Changes in valve area and mean pressure 
gradient were investigated by an analysis of 
variance for repeated measures with a Genstat 
Package on the University of London main 
frame computer. The results are expressed as 
means (SD) and a p value <0-01 was con- 
sidered statistically significant. 


Results 

AREA AND GRADIENT CHANGES 

There was an increase in valve area and 
decrease in the mean pressure gradient across 
all the valves studied (table 1). The aortic valve 
area increased from 0-52 (0-16) cm? to 0-78 
(0-17) cm? immediately after balloon dilatation 
(p < 0-001) but had fallen to 0-73 (0-16) cm? 
five minutes after the procedure (p < 0-01). 
Thereafter there were no significant changes in 
valve area and at four weeks the area measured 
0-70 (0-15) cm?—35% more than before dilata- 
tion. The mean transvalvar pressure gradient 
fell from 54 (27)mm Hg to 33 (8)mm Hg 
immediately after the procedure (p < 0-001) 
rising to 35 (10) mm Hg at five minutes (NS), 
with a further slight rise to 40 (11) mm Hg at 
four weeks (p < 0-01 compared with dilatation 
after). Values at times between those reported 
were similar, did not affect the statistical 
analysis, and have been omitted for clarity 


(fig 2). 


MECHANISM OF DILATATION 

The balloon totally occluded the orifice (figs 3 
and 4) of only five valves (one tricuspid, one 
unicuspid, and three bicuspid). In six valves 
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Table1 Patient and valve characteristics and results of balloon dilatation 





Abort valve area (cm) 


Mean pressure gradient (mm Hg) 





No Age Sex  Gradent* AR Type Mechamsm Before After 5S man 4 wk Before After 5 mn 4 wk 
1 62 M 80 0 B Stretch 067 087 TI 075 45 38 43 40 
2 68 M 80 1 Bt Stretch (O) 069 0-83 076 0-72 44 38 40 42 
3 73 M 70} 1 B Sphit (0) 0-65 082 0-83 077 58 36 40 38 
4 54 M 90 1 T Split 059 090 0-87 085 36 2 4 22 26 
5 73 M 50 0 Tt Stretch 0-48 073 0 66 063 40 29 31 36 
6 82 F T T Stretch (0) 024 049 0-42 0-40 67 46 53 58 
7 n F = 0 Bt Split (0) 034 070 061 058 82 36 38 49 
8 47 M 80 1 B Spht 055 106 1-01 0 82 31 20 20 31 
9 48 M 55 1 T Splice 0 60 081 0 80 08l 44 27 27 33 

10 30 F 80 1 Bt Split 0-39 075 070 0 66 53 29 29 36 

11 62 M 65 1 T Sph 052 068 0 64 0 64 53 33 40 44 

12 69 M 70 2 T Stret 0-36 045 040 040 42 36 42 42 

13 35 F 95 2 U Split (O)t 051 081 0-76 076 53 31 31 33 

14 54 M 70 0 B Split 056 0-66 0 65 0-67 53 47 49 49 

15 61 M 55 2 B Stretch 090 104 097 091 29 24 24 31 

16 55 M 130 1 B Spht§ 024 068 067 057 149 40 42 71 

17 76 M 130 1 B Split 053 076 076 0-73 47 33 35 33 

1s 6 M 70t 0 B Split 0-53 101 092 091 49 22 24 28 

Mean 6l 87 052 0-78 073 070 542 32:6 35:0 400 

(SD) (0 16) (0-17) (0:16) (0-15) (26-8) (79) (95) (113) 





*Peak to peak at diagnostic catheterisation. 
Specimen preserved ın homograft nutrient medium. 
‘Balloon dilatation performed in vivo 
dilatation with 9 0 mm balloon 


WTPostmortem valve. 
AR, aortic regurgitation; B, bicuspid, O, orifice totally occluded; T, tricuspid, U, unicuspid valves. 
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Figure 2. Aortic valve area (enf) and mean systolic 

transvalwar gradient (mm Hg) plotted against time. 

Barh point represents the mean and the bar the standard 
ation. 


there were substantial passages (fig 5) around 
the balloon (up to 60% of the original orifice) 
(three tricuspid and three bicuspid) while in 
the remainder only insignificant apertures 
(<20% of orifice) were present (fig 6). Stretch- 
ing of the valve orifice was the sole mechanism 
(figs 3, 4, and 5) in six valves (four tricuspid and 
two bicuspid) and there was commissural tear- 
ing or splitting in 12 valves (figs,6 and 7). 
Though the valves with splitting had a greater 
immediate increase in valve area (0-31 v 
0-18 cm*) and fall in valve gradient (28 v 
9 mm Hg) than the valves that only showed 
stretching, these differences did not achieve 
statistical significance (table 2). Valve areas 
> 1-0 cm? were seen in only three valves all of 
which had tearing through commissures. In 
one heavily calcified valve the deflated 20 mm 
balloon could not pass through the orifice. 
Dilatation with a 9 mm balloon allowed sub- 
sequent dilatation with the larger balloon and 
the final valve area was more than doubled. 
Neither of the two (bicuspid) valves in which 
clinical balloon dilatation had been performed 
showed macroscopic changes attributable to 


the procedure but both were easily split in 
vitro. In only one valve was there clearly a 
fracture of non-commissural calcium (fig 8) 
while fractures of commissural calcium 
deposits were found in seven with commissural 
splitting. 


Discussion 

Interventional balloon techniques are cur- 
rently applied to a range of cardiovascular 
diseases. The favourable results obtained with 
coronary angioplasty and dilatation of congen- 
ital valve obstructions have lead to the exten- 
sion of balloon dilatation to mitral and aortic 
stenosis in adults.!°!’ Mitral valvotomy is a well 
established surgical technique and balloon 
dilatation in-many ways mimics this effective 
procedure. In contrast, the poor long term 
results of operative aortic valvotomy'® mean 
that many, especially surgeons, doubt the 
effectiveness of balloon dilatation of such 
heavily calcified valves. 

Immediately after aortic valve dilatation 
patients are haemodynamically unstable so that 
the interpretation of changes produced by the 
procedure is difficult. In particular, myocardial 
depression during balloon inflation (owing to 
ventricular overload and coronary underper- 
fusion) may lead to underestimation of the 
measured gradient. In addition, haemorrhage, 
arrhythmias, vagal stimulation, and contrast 
administration may all affect the haemodyn- 
amic indices. The Gorlin formula may under- 
estimate aortic valve area in low output states,” 
which are often present in these patients, but 
more importantly its sensitivity to small 
changes in aortic valve area is unknown. In the 
days after balloon dilatation haemodilution 
and/or transfusion effects may variably alter 
blood viscosity, cardiac output, and ejection 
dynamics, Thus even the optimal timing for the 
early non-invasive assessment is uncertain. 

Reports of apparent increases in calculated 
valve area in the days after balloon dilatation * 
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Figure 3 Senile tricuspid valve (No 6) obtained at necropsy with an aortic valve area of 0:24 cm’ (a). The 20 mm 
balloon completely occluded the orifice (b) and on deflation valve area had increased to 0:49 cm’ (c). By five minutes 
there has been some recoil and the area measured 0:42 cm’ (d). Unless otherwise indicated all frames in this and 
subsequent figures were taken during systole. 








Figure 4 Bicuspid valve (No 2) in which the balloon completely occluded the orifice (b). Immediately afterwards (c) 
the valve area had increased from 0-69 cm’ to 0-83 cm? but at five minutes (d) it had decreased to 0-76 cm’. 
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Figure 5 Tricuspid valve (No 5) in which the inflated balloon (b) did not occlude the orifice and the areas at the 
commissural angles totalled 60° , of the original orifice area. On deflation the valve leaflets rapidly returned towards 
their original position (c) although the area had increased from 0:48 cm’ to 0:73 cm’. At five minutes (d) the area had 


decreased to 0°66 cm’. 





Figure 6 Tricuspid valve (No 11) showing splitting of a fused commissure during balloon inflation (b). The valve 
area increased from 0-52 cm’ to only 0-68 cm’ after dilatation (c) and at five minutes had recoiled to 0-64 cm’ (d). 
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Figure 7 Bicuspid valve (No 10) with an orifice area of 0:39 cm’ (a). There is tearing of both commissures during 
inflation but especially of the commissure at the top left (b). The valve area had increased ta 0-75 cm’ (c) and the 
diastolic frame (d) shows the tear and a flail leaflet (black arrrow). 


Table 2 Area and gradient changes (mean (SD) according to mechanism of dilatation 





Aortic valve area (cm) 





n Before After 5 min 4wk 
All 18 0:52 (0:16) 0:78 (0-17) 0:73 (0-16) 0-70 (0:15) 
Stretching 6 0:56 (0:24) 0-74 (0-23) 0-66 (0:22) 0-64 (0-20) 
Splitting 12 0-50 (0:12) 0-80 (0-13) 0:77 (0-12) 0-73 (0-11) 

Mean systolic gradient (mm Hg) 

n Before After 6 min 4wk 
All 18 54:2 (26-8) 32-6 (7-9) 35-0 (9-5) 40-0 (11-3) 
Stretching 6 44-5 (12-4) 35:2 (7-7) 38-8 (10-1) 41-5 (9-1) 
Splitting 12 59-0 (30-9) 31-3 (8-0) 33-1 (9-0) 39-3 (12-5) 





are countered by reports of decreases" and 
both are explained on the basis of changes in 
left ventricular function. Cardiac output is 
variously reported to be decreased," un- 
changed,” or increased’? immediately after 
the procedure. The procedural effects are likely 
to vary considerably between patients, depend- 
ing on their initial left ventricular function and 
the severity and morphology of their stenotic 
valve. Variation between centres with their 
differing techniques, equipment, and 
experience may also influence these variables 
while the methodological errors in both 
invasive and non-invasive assessment will vary 
according to the timing of the measurements. 
Serial measurements in consecutive patients 
have not been reported owing to the variable 
numbers at any point in follow up and because 
frequent invasive assessment is inappropriate. 
These considerations prompted our study of 
the immediate and short term effects of valve 
dilatation in vitro. 


We found only small changes after balloon 
dilatation—the magnitude of which was less 
than that reported in several large clinical 
series.’ °?! In vitro there was almost an 
immediate recoil of the stretched orifice 
(whether or not commissural tearing had 
occurred) but after 5 minutes there was little 
further recoil. Those studies in patients that 
show a rapid loss of the haemodynamic gain’ "' 
are likely to be overestimating the immediate 
benefits and their subsequent measurements 
are probably a better indication of the 
immediate effect. The very small changes seen 
in these patients may reflect inadequate balloon 
positioning but they would also accord with the 
valves in which we found no commissural 
tearing and where gains in area were smaller. It 
may be that serial assessments would have 
shown similar findings in many of the patients 
reported to show “restenosis”? by Doppler 
techniques a few months after dilatation.'°" 
Postmortem and operative evidence after valve 
dilatation indicate that commissural tears or 
fractures persist for some months at least”! **; 
it seems that in isolation stretching or 
“‘microfractures”’ or both do not produce last- 
ing benefit. 


LIMITATIONS 

The valves obtained at operation were included 
only if they were removed in a single piece and 
without damage. Obviously the true aortic 
valve annulus was not removed and the suture 
line to the unyielding cone was only an 
approximation of the in vivo annulus. This may 
have influenced the results in two opposing 
directions. A more compliant annulus might 
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Figure 8 Bicuspid valve (No 18) with splitting through both commissures. There was fracturing of calcium in the 
commissures but in addition a clear fracture of non-commissural calcium (white arrow) (b). The valve mounting cone 
appeared us a faint grid with a denser ring where the material was folded. 


have prevented tearing through the commis- 
sure to the edge of the specimen and so resulted 
in a smaller orifice area. But at the same time 
the effect of more force on the remaining parts 
of the orifice may have caused more stretching, 


tearing of other commissures, or fractures of 


calcific deposits and so produced a larger 
orifice area. In six of the valves (including the 
necropsy specimen with a true annulus) only 
stretching was evident and changes were much 
smaller than in the other valves showing com- 
missural tearing—so on balance it seems that 
the absence of the annulus might if anything 
have exaggerated the effects. Ideally, we should 
have studied postmortem valves with the 
annulus en bloc but during the nine month 
study period we found only one suitable case at 
routine necropsy. 

The valves were obtained from a represen- 
tative group of patients undergoing aortic valve 
operation who are not typical of patients under- 
going balloon dilatation.**'''®'’ Our patients 
were thus younger and this accounts for a 
higher frequency of men and bicuspid valves. 
The pattern of calcification is different in 
bicuspid and tricuspid valves and this may 
partly explain why we found fewer fractures in 
calcific deposits than in some,” ®t! though 
by no means all, postmortem or operative 
studies.°’" 

We used a 20 mm balloon in this study for a 
single (though optimally positioned) inflation. 
In some valves the balloon seemed to be too 
large and split the “annulus” whereas in those 
that showed stretching alone it may have been 
too small. Most clinical procedures, however, 
have been with 20 mm or smaller balloons and 
an increase in the balloon size has not always 
increased valve area after clinical recurrences." 
Nevertheless, it is possible that the much larger 
balloons being used by some more recently 
would have improved the results in some of our 
valves. 


Leaflet recoil caused an early fall in valve 
area and only later a rise in gradient. The 
supravalvar pressure port in this model is at a 
fixed distance from the retaining plates that 
hold the cones, and the distance from the valve 
to the pressure port varied according to the 
length of cone left after it was cut down to 
accommodate the valve annulus area. The 
distance was nearly always greater than a half of 
the orifice diameter'’’—that is the distance at 
which the pressure drop is lowest (vena con- 
tracta)—so that slight though systematic under 
reading of the gradients may have reduced the 
extent of the early changes. The valve area, 
however, is not the only factor to determine the 
gradient—orifice geometry and depth are other 
factors.” The orifice depth is likely to have 
increased as the stretching displaced leaflet 
material and reduced the expected fall in the 
gradient; recoil of the leaflet thickening would 
then have offset the rise in gradient. Most of the 
valves were preserved in formalin—a storage 
medium used by others for valve dilatation 
studies” '**°—and the effects of formalin may 
provide an alternative explanation for the 
gradient changes. We have previously shown 
that the valve area and gradient measured over 
a wide range of flows does not change within a 
month of explantation and storage in either 
formalin or nutrient solution.’ Nevertheless 
formalin storage may have had an effect on the 
gradient measured across dilated valves, 
though the four valves used fresh from surgery 
(and thereafter stored in nutrient solution) 
behaved in a similar fashion. 


CONCLUSIONS 

We found significant though rather small 
increases in valve area after balloon dilatation 
of calcific stenotic aortic valves. Commissural 
splitting seemed to increase the orifice area 
more than stretching alone, but fractures of 
calcific deposits unrelated to commissures were 


E 


uncommon. Stretching of the valve orifice was 
followed by a measurable recoil within the first 
five minutes, irrespective of coexistent com- 
missural splitting. Thereafter, and in the 
absence of any reparative mechanisms that 
might be present in vivo, there were no sig- 
nificant changes in valve area over the succeed- 
ing four weeks, Assessment of balloon dilata- 
tion of the aortic valve in the clinical setting 
should be performed only when the patient is 
stable and all the procedural effects can be 
discounted. In that way it might be possible 
accurately to document the real effects of the 
procedure. The changes that we saw suggest 
that patjents who are critically compromised by 
aortic stenosis may benefit from balloon dilata- 
tion. In most patients, however, the 
improvement in valve area is unlikely to be 
adequate for definitive treatment. 
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Embolisation of a complex coronary arteriovenous 
fistula in a 6 year old child: the need for 
specialised embolisation techniques 


J F Reidy, M J Tynan, S Qureshi 


Abstract 

Transcatheter embolisation was perfor- 
med in a six year old child with a large 
haemodynamically significant arterio- 
venous fistula between the left coronary 
artery and right ventricle. The fistula 
seemed to fill via a single large septal 
branch of the left anterior descending 
coronary artery. This was occluded dis- 
tally with a detachable balloon backed 
up by a proximal coil. After this the flow 
through the fistula was considerably 
reduced but it still filled via a small 
diagonal branch that had not been noted 
previously. This branch was subse- 
quently occluded in its most distal part 
by a coaxial catheter technique and a 
single microcoil. Complete occlusion of 
the fistula was produced and there were 
no complications. 


Despite the recent development of interven- 
tional procedures in congenital heart disease 
and the increasing use of embolisation tech- 
niques there are few descriptions of embolisa- 
tion of coronary arteriovenous fistulas and 
malformations.'? Most reviews of interven- 
tional procedures in congenital heart disease 
make no mention of embolisation of coronary 
artery anomalies.’ We have previously des- 
cribed cases in which embolisation by a deta- 
chable balloon was used to occlude large 
coronary arteriovenous fistulas.'* We describe 
a further unusual case in a six year old child 
who had a complex arteriovenous fistula with 
a dual supply that needed two different 
embolisation techniques to achieve complete 
occlusion. 


Case report 

A six year old Nigerian boy was found to have 
a murmur when he was a year old, when he 
was examined after a chest infection. The 
murmur was continuous with accentuation in 
diastole and was best heard at the lower left 
sternal border. Otherwise he was symptom 
free, active, and thriving. 

Cardiac catheterisation was performed 
when he was three years old. Pulmonary 
artery pressure was 38/12 (mean 24), right 
ventricular pressure 40/10, and aortic 90/50 


mean 65) mmHg. Oximetry showed a left to 
right shunt (Qp:Qs 2:5:1). Aortography 
showed a fistula between the left anterior 
descending coronary artery and the apex of 
the right ventricle. 

When he was six years old his resting elec- 
trocardiogram and chest radiograph were nor- 
mal. A first pass radionuclide scan showed the 
left to right shunt (2-6:1). 





Selective left coronary arteriogram (right 


Figure l(a 
anterior oblique view) that shows a single large septal 
branch arising from the proximal anterior descending 
artery and communicating with the right ventricle. Note 
the poor filling of the other branches of the left coronary 


caused by the steal effect. (b) A contrast filled detachable 
balloon (black arrowheads) has occluded the fistulous 
artery in a distal location. Despite this and considerably 
reduced flow the fistula is still filled by a much smaller 
diagonal branch (white arrowheads), This is now shown 
much more clearly that in (la). 
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Figure 2 (a) A coaxial 3F catheter has been passed into 
the distal part of the small diagonal branch. A metal 
marker identifies its tip (white arrow). The limited 
injection of contrast that is possible through this very 
small catheter opactfies the fistula. (b) Post embolisation. 
A further microcoil has been placed immediately proximal 
to the balloon (arrow). The second coil is at the apex of 
the heart adjacent to the fistula. Note the much better 
filling of the normal coronary branches after occlusion of 
the fistula. 


EMBOLISATION PROCEDURE 
A 6F catheter was positioned in the proximal 
left coronary artery via the femoral artery and 


under general anaesthesia. Coronary 
arteriography showed a large septal branch 
passing to the posterior interventricular 


groove and then forwards to drain into the 
right ventricle (fig la). Through this we 
guided the 2/3F balloon catheter delivery sys- 
tem with an attached detachable latex balloon 
(Ingenor, Paris) into the large artery to a 
position just proximal to the fistula. A test 
inflation of the balloon showed that it 
produced complete occlusion and there were 
no untoward clinical effects or electrocar- 
diographic abnormalities. The balloon, filled 
with dilute contrast medium, was then deta- 
ched. A post embolisation cineangiogram 
showed occlusion of the large septal artery but 
some residual filling of the fistula via a much 
smaller and previously unrecognised diagonal 
branch arising from the anterior descending 
artery (fig 1b). We used a 3 French coaxial 
catheter (Tracker 18) (Target Therapeutics) 
and a steerable 0:014 inch coronary guide wire 
to catheterise this branch selectively so that 
the tip of the 3F catheter was immediately 
proximal to the site of the fistula (fig 2a). A 
single platinum coil (Hilal 1-5 cm length) 
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(William Cook, Europe) was placed here. 
Because the small detachable balloon was 
inflated to its maximum capacity with contrast 
medium and not with liquid silicone mono- 
mers we decided to position a further 
microcoil immediately proximal to the 
detachable balloon. This was to prevent any 
possible recanalisation in the event of early 
deflation of the balloon. After this no filling of 
the fistula was seen (fig 2b). The left coronary 
artery and its branches were now seen much 
more clearly than before the embolisation 
procedure when there had been a “steal 
effect”. 

Immediately after the embolisation there 
was transient junctional rhythm, but no other 
ST segment changes. Isosorbide dinitrate 
(250 ug) was injected into the left coronary 
artery. 

After the procedure, the serial electrocar- 
diograms showed transient T wave inversion, 
which reverted to normal three days later. 
Serum creatine kinase peaked (325 U/l (nor- 
mal <205 U/1)) 24 hours after the procedure 
and then returned to normal. A technetium 
pyrophosphate scan was normal two days after 
the procedure. There were no complications 
and the child made an uneventful recovery. A 
chest radiograph one day later showed that the 
balloon had deflated but was still in position. 
The murmur was not heard and no flow 
through the malformation was detected on 
Doppler echocardiography. At review two 
months later the patient was well and no 
murmur was heard. A chest radiograph 
showed the coils and balloon still in the same 
position. 


Discussion 
Primary congenital coronary fistulas to cardiac 
chambers or great vessels are rare. They are 
found in about one in every 500 patients 
having coronary arteriography.”’ They are 
the most common haemodynamically sig- 
nificant congenital coronary anomaly; in one 
series 21 fistulas were found in 34 cases." Half 
of 363 coronary arteriovenous fistulas arose 
from the right coronary artery and 42°, arose 
from the left coronary artery. Drainage was to 
any cardiac chamber but most commonly it 
was to the right ventricle (41",,).° 

As in our patient the condition most com- 
monly presents as a murmur in a symptom 
free child.’ Because complications in adult life 
can cause premature death the condition is 
usually treated surgically. Cardiac failure is 
the most common complication and increases 
with age.’ Coronary ischaemia and angina can 
occur because of the steal effect of the fistula.” 
Though the resting electrocardiogram was 
normal in our patient, coronary arteriography 
showed the branches of the left coronary 
artery much better after the embolisation. 
Infective endocarditis’ ® and atrial fibrillation 
can occur’ and even rupture has been des- 
cribed.'' As a result of these risks early pro- 
phylactic operation has been advocated.’ Mor- 
tality from these operations in low, especially 
when the fistulas are on the inferior surface of 
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the heart; even so the operation requires 
cardiopulmonary bypass with its consequent 
morbidity. 

There are two specific technical 
requirements for embolisation of a coronary 
arteriovenous fistula. Firstly, the point of 
occlusion must be distal in the feeding artery 
and as close to the fistula as possible so that 
the risk of occluding normal coronary bran- 
ches is low. These may not be so obvious due 
to the steal effect of a large fistula. Secondly, 
occlusion of a large high flow artery at a 
specific point is needed; this can be difficult 
and a detachable balloon is the ideal method. 
This allows immediate occlusion to be effec- 
ted and is reversible if it is not satisfactory. In 
addition, it does not require more dangerous 
selective catheterisation of distal coronary 
branches with larger catheters. 

The initial study in our patient showed that 
the coronary fistula was supplied by a single 
large septal branch. But an injection of con- 
trast medium after embolisation also showed 2 
much smaller second feeding branch. Had an 
operation been performed this second branch 
might easily have been missed. Embolisation 
methods have improved in recent years so that 
now even a small coronary artery branch such 
as this in a child can be selectively catheter- 
ised and occluded at the site of the fistula with 
a single microcoil. A latex balloon filled with 
contrast medium rather than silicone 
polymers was needed to occlude the large 
feeding branch. To prevent early deflation 
and recurrence of the fistula we placed a 
further coil proximal to the balloon. This coil 
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alone would almost certainly not have 
produced occlusion. 

When coronary arteriovenous fistulas are 
haemodynamically significant and a decision 
has been made to treat then embolisation 
should be considered the treatment of first 
choice. Modern embolisation techniques, 
which allow the use of more than one type of 
occlusive device, enable a precise intra- 
operative diagnosis and successful occlusion 
of fistulas—even those supplied by more than 
one artery. 
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Balloon dilatation of tricuspid stenosis caused by 


carcinoid heart disease 


P A Mullins, J A Hall, L M Shapiro 


Abstract 

Double balloon dilatation of tricuspid 
stenosis caused by carcinoid heart dis- 
ease was successful in a woman of 77. 


Case report 

A 77 year old woman presented with a one 
year history of progressive dyspnoea with 
associated ankle oedema, weight loss, flushing 
attacks, and profuse recurrent diarrhoea. 

On examination the pulse was regular and 
she was normotensive. Jugular venous pres- 
sure was elevated with a prominent systolic 
wave. There was a mid-diastolic murmur at 
the left sternal edge and a pansystolic murmur 
in the lower parasternal area; both were 
louder on inspiration. There was also pitting 
oedema up to the lower abdomen, pulsatile 
4 cm hepatomegaly, and ascites. 

The chest x ray showed cardiomegaly with 
upper lobe venous distension suggestive of 
pulmonary oedema. Haemoglobin, urea and 
electrolytes, liver function tests, and the elec- 
trocardiogram were within normal limits. 
Cross sectional echocardiography showed 
thickening and reduced excursion of the 
tricuspid valve. Doppler echocardiography 
showed a gradient of 10 mm Hg across the 
tricuspid valve and moderate tricuspid regur- 
gitation. Liver ultrasound examination 
showed multiple echogenic areas throughout 
the liver parenchyma consistent with multiple 
metastases. Urinary 5-hydroxyindole acetic 
acid excretion was between 82-189 mg/24h 
(normal < 14 mg/24 h). These findings con- 
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Two balloon catheters fully inflated across the tricuspid 
valve. 





Results of Doppler examination and catheter studies 
before and after dilatation 





Before After 
dilatation dilatation 
Right atrial pressure (mm Hg): 
“a” wave 24 24 
“v"" wave 4d 36 
Right ventricular pressure (mm Hg): 
Systolic 52 50 
End diastolic 18 20 
Tricuspid valve gradient (mean 
mm Hg) 10:5 76 
Heart rate (beats/min) 75 75 
Tricuspid valve area (cm’) (Doppler) 0-9 14 


firmed the diagnosis of malignant carcinoid 
syndrome affecting the tricuspid valve. 

The patient was treated with somatostatin 
analogue and diuretics. We considered the 
tricuspid stenosis to be the most important 
abnormality. In view of her poor clinical con- 
dition and associated malignancy we at- 
tempted balloon dilatation of the tricuspid 
valve. 

Two 7 French Gensini catheters were 
advanced through the right femoral vein, 
across the tricuspid valve, and lodged in the 
main pulmonary artery. They were replaced 
by two 0-038 inch exchange guide wires. Two 
balloon catheters (18 mm and 15 mm) were 
passed over the guide wires and fully inflated 
across the valve (figure). Doppler and direct 
catheter pressure measurements were 
obtained at regular intervals throughout the 
procedure (table). 

The patient did well immediately after the 
procedure. There were reductions in dysp- 
noea and pulmonary and peripheral oedema. 
Follow up echocardiography up to a month 
after the procedure showed no increase in 
valve gradient or in the degree of tricuspid 
valve regurgitation. 


Discussion 

Carcinoid heart disease was originally des- 
cribed in 1954 by Thorson er al.' Over half 
the tumours arise initially in the appendix and 
the rest arise from the large intestine. When 
liver metastases occur hormonal factors 
including 5-hydroxytryptamine can produce 
direct cardiac effects. 

Characteristically, the right sided cardiac 
valves are more commonly affected than the 
left sided valves. The ventricular aspects of 
the valve leaflets are affected by fibrous 
plaques. These consist of smooth muscle cells 
embedded in connective tissue, and endoth- 
elial thickening may occur. Clinically, pul- 
monary stenosis and tricuspid regurgitation 
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are the commonest valve lesions although, as 
in this patient, tricuspid stenosis also occurs. 
The prognosis for patients with carcinoid 
heart disease is poor.? The most common 
cause of death is heart failure from valve 
disease. 

Successful balloon dilatation of tricuspid 
valve stenosis of rheumatic orign’ and of a 
stenosed bioprosthetic valve‘ have already 
been described. 

We showed that balloon dilatation of tricus- 
pid valve stenosis caused by carcinoid heart 
disease is a safe and effective treatment. The 
prognosis for these patients is poor and if 
palliative cardiac surgery can be avoided the 
patient’s quality of life will be much 
improved. We believe that the results of 
balloon dilatation of pulmonary stenosis 


Mullins, Hall, Shapiro 


caused by carcinoid heart disease are likely to 
be as effective as dilatation of the tricuspid 
valve. 


We thank Dr D Russell Hall for allowing us to report this case. 
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Pulmonary artery sling: definitive diagnosis by 
colour Doppler flow mapping avoiding cardiac 


catheterisation 


J P Gnanapragasam, A B Houston, M P G Jamieson 


Abstract 

Pulmonary artery sling is a rare abnor- 
mality that usually presents in infancy 
with wheeze or stridor. Diagnoses by 
cross sectional echocardiography, com- 
puted tomography, and magnetic reson- 
ance imaging have been described but 
pulmonary arteriography was regarded 
as essential for a definite diagnosis. The 
use of colour Doppler adds to the diag- 
nostic certainty of cross sectional 
echocardiography and colour Doppler 
provided a definite diagnosis in an infant 
that allowed surgical repair without the 
need for cardiac catheterisation. Post- 
operative flow through the left pulmon- 
ary artery was also assessed by Doppler, 
and this avoided the need for repeat 
catheterisation or perfusion lung scan- 
ning. 


An aberrant left pulmonary artery or pulmon- 
ary artery sling usually presents in early 
infancy with signs of respiratory obstruction. 
In about 40% of cases it is associated with 
other cardiac abnormalities’ but cardiac 
symptoms or signs are often not evident at 
presentation. The abnormality cannot be 
diagnosed clinically and the diagnosis rests on 
investigations. 

The aberrant left pulmonary artery may be 
shown by cross sectional echocardiography, 
computed tomography,’ and magnetic reson- 
ance imaging.‘ None the less, pulmonary 
arteriography has been considered essential 
for confirmation of the diagnosis.** We report 
a patient in whom the diagnosis was con- 
fidently established by colour Doppler com- 
bined with cross sectional echocardiography 
and surgical repair was undertaken without 
cardiac catheterisation. 


Case report 

A 3 month old boy presented with intermit- 
tent wheeze and stridor. Clinical examination 
and x ray of the chest were normal. Barium 
swallow examination did not show any abnor- 
malities. In view of the stridor, bronchoscopy 
was carried out and showed a posterior pul- 
satile indentation in the trachea that suggested 
a pulmonary sling. The infant was referred for 
a cardiac assessment at this stage and an 
echocardiogram was performed. Parasternal 
short axis and subxiphoid views showed that 
the main pulmonary artery did not bifurcate 
in the usual manner and showed a break in the 





continuity of the posterior wall of the right 
pulmonary artery with an echo free space 
leading from it (fig 1). Colour Doppler con- 
firmed that the echo free space was an 
aberrant artery and not an artefact because it 
showed flow into the space from the right 
pulmonary artery (fig 2). The aortic arch was 
normal and there were no intracardiac abnor- 
malities. On the basis of these findings, sur- 
gical repair was carried out with subsequent 
resolution of the respiratory symptoms. 
Colour Doppler flow mapping performed 
three months after operation showed unob- 
structed flow into the left pulmonary artery. 
The maximum velocity across the origin of 
the left pulmonary artery was only 1-9 m/s, 
confirming that there was no stenosis. 


Discussion 

Pulmonary artery sling is a rare cause of 
respiratory obstruction in early infancy. A 
barium swallow examination is often the 
initial diagnostic investigation carried out in 
infants presenting with significant stridor or 
wheeze and the classic anterior indentation of 
the oesophagus produced by the aberrant left 
pulmonary artery may be seen. On the other 
hand, the barium swallow may be normal in 
more than 20",, of cases’ and an anterior 
indentation may also be caused by a bronchial 
cyst, reduplication of the oesophagus, en- 
larged lymph nodes, and a rare form of 
aberrant right subclavian artery. Thus barium 
swallow examination cannot be relied upon as 
a definitive diagnostic test. 


R. uw & C. ofi 


MED 


Franet 94 


Figure 1 Parasternal short axis view showing absence of 
normal bifurcation of the main pulmonary artery. The 
aberrant origin of the left pulmonary artery is not 
conclusively shown. AO, aorta; MPA, main pulmonary 
artery. i 
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Figure 2 Same frame as 
fig 1 but with colour 
Doppler flow mapping 
showing flow from the right 
pulmonary artery into the 
aberrant vessel which 
courses posteriorly and 
leftwards. AO, aorta; 
MPA, main pulmonary 
artery. 
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Magnetic resonance imaging* and computed 
tomography’ have been proposed as screening 
tests for a pulmonary sling but these tech- 
niques are not readily available, they require 
the infant to be motionless, which necessitates 
sedation, and further investigations are con- 
sidered necessary to confirm the diagnosis and 
rule out associated cardiac malformations. 
Cross sectional echocardiographic findings in 
pulmonary artery sling were described by 
Yeager et al who commented that the 
anomalous artery may not be apparent on 
imaging in the presence of hyperinflation of 
the lungs, a finding that is not uncommon in 
this condition.» They suggested that cross 
sectional echocardiography was a useful 
screening test but believed that pulmonary 
arteriography was a more specific and sen- 
sitive investigation. In cases of pulmonary 
artery sling, bifurcation of the main pulmon- 
ary artery is not demonstrable on imaging and 
the aberrant vessel may be seen to arise from 
the proximal right pulmonary artery and run 
posteriorly and leftwards. Owing to the depth 
of imaging and overlapping of the lungs there 
may be some uncertainty as to whether the 
echo free space seen is an aberrant left pul- 
monary artery or an artefact caused by echo 
drop out. Since the initial posterior course of 
the anomalous pulmonary artery is in line 
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with the Doppler transducer in the paraster- 
nal and subxiphoid short axis views, blood 
flow into it from the right pulmonary artery 
should be readily demonstrated by colour 
Doppler flow mapping. The aberrant origin of 
the left pulmonary artery from the proximal 
right pulmonary artery can thus be firmly 
established, avoiding the need for invasive 
cardiac catheterisation. 

In view of the high incidence of post- 
operative occlusion of the left pulmonary 
artery it has been emphasised that follow up 
cardiac catheterisation is essential in all cases 
to evaluate flow through the left pulmonary 
artery. This is no longer necessary because 
colour Doppler flow mapping provides an 
excellent means of assessing flow through the 
left pulmonary artery. If occlusion is present, 
reoperation is necessary to prevent the possi- 
ble development of pulmonary hypertension. 

Although a pulmonary sling or a vascular 
ring is an uncommon cause of stridor in 
infancy it is an important factor to consider 
because the infant may rapidly deteriorate and 
die before the diagnosis is made. Thus 
echocardiography with colour Doppler should 
be performed early in the assessment of all 
infants with appreciable stridor as it may 
show a vascular ring’ or a pulmonary sling 
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Short term results of percutaneous transluminal 
coronary angioplasty with the monorail technique: 
experience in the first 1000 patients 
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Abstract 

The monorail technique allows 
monitoring of all steps of the coronary 
angioplasty procedure by high quality 
coronary angiography; easy, rapid, and 
safe recrossing and redilatation of the 
lesion if necessary; and stepwise dilata- 
tion of a stenosis with sequential increase 
of size of balloons. Transstenotic pres- 
sure differences cannot, however, be 
measured through the narrow shaft of 
the standard monorail balloon catheter. 

The monorail technique was used in 
1014 patients (820 men, 194 women; mean 
age 57:8 years (range 24 to 84)). The 
indication for coronary angioplasty was 
stable angina in 52%, unstable angina in 
40%, and acute myocardial infarction in 
8%. Single vessel coronary angioplasty 
was attempted in 78%, multilesion 
coronary angioplasty in 11%, and 
multivessel coronary angioplasty in 11%. 
Angiographic success (reduction of sten- 
osis to less than 50% of the luminal 
diameter) of all attempted lesions was 
achieved in 93%. The technique was 
clinically successful—that is, angio- 
graphic success of all attempted lesions, 
no occurrence of a major complication 
(death, myocardial infarction, acute 
bypass surgery), and improvement of 
symptoms—in 92% and partially suc- 
cessful in 1:3%. The clinical success rates 
were similar for stable angina (91%) and 
unstable angina (94%), but were some- 
what lower for acute myocardial infarc- 
tion (88%). Failure without major com- 
plication occurred in 34% of the 
patients. Failure with a major complica- 
tion occurred in 3-3% (death 0:3%, 
myocardial infarction 2°-4%, and acute 
bypass surgery 2:3%). The total major 
complication rate was higher in unstable 
angina (42%) than in stable angina 
(3:0%). 

These results indicate that the mono- 
rail technique can be applied safely and 
effectively for coronary angioplasty of 
patients with stable angina, unstable 
angina, and acute myocardial infarction. 


Significant advances have been made in the 
technology of guiding catheters, dilatation 


catheters, and guide wires since the first 
introduction of percutaneous transluminal 
coronary angioplasty in 1977 by Andreas 
Gruentzig.’ Simpson et al further developed 
the balloon dilatation equipment by intro- 
ducing a steerable coaxial guide wire.? Sub- 
sequent improvements were the miniaturisa- 
tion of the balloon catheters (low profile 
balloons) to facilitate the crossing of very 
severe and distal stenoses. A more recent 
improvement is the combination of the long 
(exchange) guide wire technique’* and a 
newly developed balloon catheter to form one 
new dilatation system: the monorail system, 
for which a change in dilatation technique is 
needed.’ This monorail technique allows all 
steps of the coronary angioplasty procedure to 
be monitored on high quality angiograms: 
easy, rapid, and safe recrossing and redilata- 
tion of the stenosis if necessary; stepwise 
dilatation of a stenosis with sequential use of 
bigger balloons. 

We describe our experience and the short 
term results of coronary angioplasty with the 
monorail technique in the first 1000 patients. 


Patients and methods 

PATIENTS 

From June 1986 to December 1988 1472 
patients underwent coronary angioplasty at 
the Thoraxcenter in Rotterdam. We excluded 
(a) patients in whom a stent was implanted 
(n = 13), (6) patients who were selected for 
the assessment of a newly developed catheter 
balloon system (n = 46); and (c) patients with 
bifurcation lesions in whom the (partial) kiss- 
ing balloon technique was used (n = 15). 
Table 1 shows the baseline clinical character- 
istics of the remaining 1398 patients. These 
patients were classified into three groups: 
1014 patients were selected for coronary 
angioplasty with the monorail technique, 325 
patients were selected for coronary angio- 
plasty with the long guide wire technique, and 
59 patients were selected for coronary angio- 
plasty with other balloon catheters 
(microbore, 54 patients; balloon on wire, five 
patients). 


ANGIOGRAPHY 
Coronary artery lesions were classified as 
occurring in the left anterior descending 
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Table 1 Baseline clinical characteristics of patients 

according to type of coronary angioplasty attempted 
Long guide 

Monorail wire Other 


techmque techmque 
(m=1014) (n==325) (nm 59) 
% (n) % (n) % (n) 


Mean age (range) (yr) 58 (24-85) 57 (32-82) 56 re 
> 70 yr 11 (108) 12 G9) 15 (9) 


Females 19(194) 16(53)  22(13) 
Old MI 15(147) 1860 32 (19) 
Previous CABG 10 (97) 14 (47) 14 (8) 
EF < 45% (%) 5 (47) 5 (16) 7(4) 
Multivessel disease 
2 vessel 19(193)  23(74) 25 (15) 
3 vessel 8 (85) 12 (38) 7(4) 
Total occlusion 7 (75) 14 (47) 27 (16) 
Stable angina 52 (523) 70(227) 80 (47) 
Unstable angina 40 en 26 (85) 20 (12) 
Acute MI 8 (84) 4 (13) 0(0) 
Attempt per vessel. 
LAD 51 (578)  43(159) 43 (32) 
RCA 26 (291) 26(96) 33 (26) 
CX 20 (221) 25(92)  23(18) 
Bypass 3 (36) 507) 1 (1) 
Left stem 1(5) 1 (2) 0 (0) 
Attempts ent 
Single Pa pan 78 R 75 (244) 66 (39) 
Multilesion 11014 1166 20 oe 
Multivessel 110109) 14¢ 14 (8) 





*Attempted coronary angioplasty with other standard 
dilatation technique and other balloons. 

MI, myocardial infarction; CABG, coronary artery bypass 
grafting; EF, ejection fraction; LAD, left anterior descending 
artery; RCA, right coronary artery, CX, circumflex coronary 
artery, n=number of patients. 


artery, left circumflex artery, and right coron- 
ary artery, whether or not they occurred 
within the artery itself or in a side branch of 
that artery. There was a separate category for 
lesions of bypass grafts or of the left main 
stem. Coronary stenosis was expressed as a 
percentage of the luminal diameter and a 
lesion of >50% was regarded as haemo- 
dynamically important. Multivessel disease 
was defined as a luminal arterial diameter 
narrowing of more than 50% in at least two 
major coronary arteries. A vessel was con- 
sidered to be totally occluded when no 
anterograde flow of dye was visible at 
angiography immediately before the attemp- 
ted coronary angioplasty. The ejection frac- 
tion was calculated from the left ven- 
triculogram in the 30° right anterior oblique 
projection. 


HISTORY 

Unstable angina was defined as chest pain at 
rest associated with documented changes in 
the ST segment or T wave and no obvious 
signs of myocardial cell necrosis (an increase 
in cardiac enzymes of less than twice normal 
or no development of abnormal Q waves). 
Patients were considered for immediate 
coronary angioplasty if they had symptoms of 
acute myocardial infarction (severe, prolonged 
chest pain not relieved by glyceryl trinitrate 
and ST segment elevation of at least 1 mm in 
at least two contiguous leads) for less than 6 
hours after the onset of symptoms. 
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CORONARY ANGIOPLASTY PROCEDURE 
Intravenous heparin (100 mg) and aspirin (250 
mg) were given at the start of the procedure. 
The electrocardiogram and blood pressure 
were monitored continuously. To prevent 
coronary spasm intracoronary isosorbide 
dinitrate (10 to 30 ug) was injected and this was 
repeated when necessary. The initial pressure 
of balloon inflation was 2-0 atms, with sub- 
sequent inflations of up to 12 atms. The 
duration of inflation was adjusted for electro- 
cardiographic changes, the drop in blood 
pressure, or induced pain. The number of 
balloon inflations varied according to the 
appearance of the lesion on angiography 
immediately after dilatation. 

Multivessel dilatation was defined as dilata- 
tion of one or more lesions in two or more major 
epicardial coronary arteries. Multilesion 
dilatation was defined as dilatation of two or 
more lesions in one major epicardial coronary 
artery. In patients with stable angina and 
multivessel angioplasty, dilatation of the most 
severe narrowing in the vessel supplying the 
largest amount of jeopardised myocardium 
(critical stenosis) was always attempted first 
and, if successful, additional vessel(s) were 
dilated. Angioplasty of a second or third vessel 
was not attempted if the attempted dilatation of 
the critical lesion was unsuccessful or when 
angiographic success was equivocal or if the 
result was consistent with a dissection that 
might progress to total occlusion. When a 
vessel with high grade disease supplied 
collaterals to another vessel, the vessel 
receiving the collateral supply was dilated first 
to protect collateral flow. When sequential 
lesions were present in one vessel, the more 
proximal lesion was dilated first. In patients 
with unstable angina and multivessel disease 
only the critical lesion (determined by the 
electrocardiographic changes and angiographic 
appearance—that is, the severity and complex- 
ity of the lesion, irregular borders, intra- 
coronary thrombus) was dilated except in 37 
patients who were judged to have more than 
one severe lesion. These were dilated in the 
same session. In patients with acute myocardial 
infarction only the infarct related lesion was 
dilated. 

The success of the procedure was judged by 
both angiographic and clinical criteria. 
Angiographic success was defined as a reduc- 
tion of the luminal diameter stenosis to < 50%. 
A complete clinical success was defined as 
angiographic success in all attempted lesions, 
associated with an improvement of symptoms 
and without evidence of myocardial infarction 
or the requirement for coronary artery bypass 
surgery during hospital stay. An incomplete 
clinical success was defined as angiographic 
success with the critical lesion but failure 
with additional lesion(s), associated with 
an improvement of symptoms and without 
evidence of myocardial infarction or need for 
coronary artery bypass surgery during hospital 
stay. 

A coronary angioplasty was regarded as a 
failure if (a) the angiographer was unable to 
reach, cross, or dilate the critical lesion while 
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igure 1 The monorail balloon catheter consists of a lumen 
(1) ed ro the distat end of the catheter that acts as a“ monar om Se ” and ts oc 


attempting to perform a coronary ions: i 


(failure without complications) or (b) the 
coronary angioplasty procedure resulted in 
death, myocardial infarction, or emergency 
coronary artery bypass surgery. A perj- 
interventional (complication of angioplasty) 
myocardial infarction was defined as the 
development of an abnormal Q wave 
(20-03 mm) or a typical increase in cardiac 
enzymes. A perioperative (complication of a 
bypass operation) myocardial infarction was 
defined as the development of an abnormal Q 
wave (>0-03 mm). All procedures were carried 
out with a surgical team on standby. After the 
procedure the sheaths were left in place for 6-8 
hours and all patients were monitored for 24 
hours in an intermediate coronary care unit. All 
patients were treated with oral nifedipine 60 
mg daily for 24-36 hours after coronary angio- 
plasty and were discharged after 1 to 2 days. 
The patients were treated with aspirin 500 mg 
daily for 6 months. 


MONORAIL TECHNIQUE 

The monorail balloon catheter (Bonzel- 
Schneider-Medintag) has a single lumen for 
balloon inflation and a second lumen limited to 
the first few centimetres of the distal end of the 
catheter. This second lumen is occupied by the 
guide wire that acts as a sliding rail (monorail) 
for the balloon catheter (fig 1). Table 2 shows 
the technical details for different types of 
monorail balloon catheters. In the monorail 
technique the guide wire alone (Schneider- 
Medintag 175 cm, 0-0012-0-0014 inch; ACS 
175 cm, 0-0014 inch) is initially positioned 
across the lesion. The small diameter guide 
wire does not obstruct injection of contrast; 
thus it allows good delineation of the coronary 
anatomy and facilitates positioning of the wire 
across the lesion (fig 2a and b). 

The distal lumen of the balloon catheter is 
then threaded over the positioned guide wire 
(the proximal part guide wire is outside the 
guiding catheter) and the catheter is advanced 
through the guiding catheter, into the coronary 
artery tree, and eventually across the lesion (fig 
1). Because the position of the guide wire 
outside the patient is fixed most of the position- 


Table 2 Techmcal details of different. monorail dilatation catheters 








Monora:l!-Bonzel, PVC (super)- > ` 


tow profile 


Monorail Piccolino, PET material 
Monorail-Bonzel Snake, with distal 30-42 


pressure measurement, PVC 


Maximum 
Balloon Deflated recommended 
diameter balloon Shaft balloon 
(mm) profile (inch) diameter pressure (atm) 
20-42 0-043-0 061 3F 8-10 
15425 00280040 3F 8-12 
0058-0063 36F 8 





All three catheters are of the Schneider-Shiley type. 
PCV, polyvinylchloride; PET, polyethylene. 
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length of the catheter to inflate and deflate the balloon, and a second lumen 
1 occied by the ge wir. 


ing and withdrawing of the balloon is perfor- 


‘med without the need for fluoroscopic control 


and to and fro motion of the wire in the distal 
coronary vessel is prevented. The reduced 
shaft diameter of the balloon catheter means 
that the injection of contrast when the balloon 
is in the guiding catheter is not obstructed and 
this improves the delineation of the coronary 
anatomy (fig 2c and 3). 

After the final dilatation of the lesion the 
balloon catheter is completely withdrawn out- 
side the guiding catheter while the guide wire 
remains in the distal vessel. The result of 
dilatation can again be evaluated under high 
quality angiographic control and, when neces- 
sary, the lesion can be easily recrossed and 
redilated (fig 2d). 


OTHER CORONARY ANGIOPLASTY TECHNIQUES 

In the remaining patients in whom the mono- 
rail technique was not used, coronary angio- 
plasty was performed by standard techniques 
with either fixed tip or steerable catheter 
systems or by the long guide wire technique.’ 


CLASSIFICATION OF PATIENTS 

Monorail group 

Patients were classified as being in the monorail 
group if the monorail technique was selected as 
the first choice of catheter balloon system to be 
used. The patients always remained in the 
monorail group if, after failure with the mono- 
rail technique, an attempt with another balloon 
catheter system was successful or unsuccessful. 


Long guide wire group and other technique group 
Patients were classified as being in the long 
guide wire group or other technique group if 
either technique was selected as the first 
approach. The patients remained in this group 
even after crossover to another technique. 


Results 

Most of the baseline clinical characteristics 
were similar in the three groups (table 1). 
However, attempted coronary angioplasty of a 
total occluded lesion and multilesion dilatation 
were more common in the long guide wire and 
the other technique groups. 

Table 3 shows the short term results of 
coronary angioplasty with the different tech- 
niques. The overall clinical and angiographic 
success rate was lower in the groups classified 
as long guide wire technique and in particular 
in those classified as the other technique group 
but this may have been because more total 
occlusions were attempted. The differences in 
outcome therefore are a reflection of patient 
selection and do not indicate that one technique 
was better than the other. 

Table 4 shows the results of attempts with 
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Figure 2 (a) Guide wire alone positioned distal in the left anterior 
descending artery. (b) Coronary anatomy is well displayed with the 
guide wire positioned in the artery. (c) Guide wire and deflated balloon 
positioned at the lesion. (d) Satisfactory display of coronary anatomy 
with deflated balloon crossing the stenosis. (e) High quality angiogram 
obtained after withdrawal of balloon catheter, with guide wire 
remaining in the distal vessel. 








Figure 3 Comparison of 


idi uidin 
space available within 8F pes ney peel 
guiding catheter when a cathe 8F 
conventional dilatation 8F 


catheter (1-1 mm’) ora 
monorail balloon catheter 
(2 mm’) ts used, 





Dilatation 
catheter 
4,3F 


Monorail-Bonzel 
dilatation 
catheter 
3F 


Coronary angioplasty with the monorail techmque 


Table 3 Short term r 
long guide wire technique, 


esule of coronary angioplasty with the monorail technique, the 
other technique 


technique 





Long giade 
wire 





Monorail Other 
techmque techmaue technique 
(1014) (325) (59) 
Clinical success (%) (nos of patients) 
Complete 92 (933) 87 (282) 66 (39) 
Partial 13(14) 25 (8) 8 5 (5) 
Total of attempted lesions (no) 1240 7 
Angiographic success all lesions (%)* 93 (1154) 88 (359) 73 (58) 
Total of attempted total ons . 47 16 
Angiographic success total 60 (45) 49 (23) 25 (4) 
occlusions (%)* 
hic success (total occlusions 95 (1109) 93 (336) 86 (54) 
excluded) (%) 
Failure without complication (%)t 
Total 3 4 (34) 6 0 (20) 22 (13) 
Inability to cross with wire 1 8 (18) 45 (14) 20 (12) 
Inability to cross with balloon 0-4 (4) 10(4) 2(1) 
Inability to dilate 1-2 (12) 05 (2) 0(0) 
Failure with major complication (%)f" 
Total 3 3 (33) 45(15) 3-5 (3) 
Death 03(3) 06(2 0(1) 
Myocardial infarction 24 a 28(9 35 (2) 
Acute bypass surgery 2-3 (23 3-4 (11) 2(1) 
Other complications (%)T 
wire 14(14) 2(1) 2 M 
S 1-2 on 18(6 2()) 
Ventricular fibrillanon 07 062 0(0) 
Side branch occlunon 08(8) 062 0 (0) 


*Number of lesions 1s given in parentheses. 
+Number of patients is given in parentheses. 


another technique or balloon catheter after 
initial failure with the monorail technique. 
Tables 5, 6, and 7 show the short term results of 
percutaneous transluminal coronary angio- 
plasty with use of the monorail technique in 
patients with stable angina, unstable angina, 


Table 4 Short term results of attempts with another 
balloon dilatation catheter after wntial failure untth the 
monorail technique 


Attempt with other balloon catheter 
Attempted tt 
lesions Total (n) Success (n) Fathere (n) 
Single lesion 5 1(0) 4(2) 
Mulnlenon/muluvessel 
Culprit lesion 3 3) 0 (0) 
Additonal lesion(s) 8 7 (2) 1q) 


Numbers in parentheses are patients with total occlusion. 
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and acute myocardial infarction. These results 
indicate that the monorail technique can be 
used as an elective (table 5), semi-elective (table 
6), or emergency procedure (table 7) and 
indicate that with the use of the monorail 
technique stenoses in all three major coronary 
arteries and venous bypass grafts are equally 
accessible and that the primary success rates 
and reasons for failure in these vessels are 
comparable. Table 8 shows the short term 
results of attempted coronary angioplasty with 
the monorail technique for totally occluded 
lesions. The higher success rate in patients with 
unstable angina reflects the shorter interval 
between total occlusion and attempted coron- 


ary angioplasty. 


Discussion 

Primary success of percutaneous transluminal 
coronary angioplasty depends on many factors. 
The most important are patient selection, 
lesion location, operator experience, dilatation 
equipment, and adequate radiographic equip- 
ment.’ Undoubtedly improvements in 
balloon catheter designs and dilatation 
techniques have increased success rates. We 
describe the initial results obtained with the use 
of the monorail technique and do not compare 
the success rates or complication rates with the 
monorail technique with other techniques or 
other balloon catheter systems. Although such 
a study is desirable, it would require a ran- 
domised design and, because of the expected 
small differences in outcome, it would require 
the recruitment of a large study group from 
more than one centre with many investigators. 
Furthermore, such a study would take several 
years and continuing refinements and 
improvements of balloon catheters or the 
introduction of new techniques (laser, atherec- 
tomy, abrasive catheters, ultrasound energy) 
would make the comparison unreliable. We 
describe our experience with the monorail 
technique used as a primary routine in one 
interventional cardiology centre in which about 


Table 5 Short term results of percutaneous transluminal coronary angioplasty by the monorail technique in patients 








mith stable angina 
Fatlure* 
Chmcal success 
No comphcatrons With complications 
Angiographic a 
Total success Comp. Parual UC UB Total Death MI CABG 
(n) % (lesions) % (n) % (n) % (n)  % (n) % (n) (n) (n) (n) 
Single vessel attempt: 
LAD 92 (186) 92 hey _ 25(5) 1503) 4-0 (8) 0 4 8 
RCA 99 87 (86) 87 (86) — 6 8 2(2 5 (5) 9 3 2 
CX 70 94 (66) 94(66) — 3(2 15(1) 150) 0 1 1 
Bypass graft 9 89 (8) 89 (8) — qa) 0 0 0 0 0 
mainstem 4 100 (4) 100 (4) = 0 0 0 0 0 0 
Multilesion attempt 
41 96 (80) 95 (39) 2°5 (1) 0 2-5 (1) 0 1 1 
RCA 22 98 (42) 95 (21) 5 8 0 0 0 0 0 0 
CX 4 88 (7) 75(3) 2350 0 0 0 0 0 0 
Muluvéssel attempt 
LAD/CX 31 97 (58) 94 ae 6(2) 0 0 0 0 0 
LAD/RCA 23 93 (43) 91 (21 4(1) 0 0 4(1) 0 1 0 
RCA/CX 12 75 (18) 58 (7) 33 (4 8(1) 0 0 0 0 0 
Bypass graft/other 4 100 (8) 100 (4) 0 ER 0 0 0 0 0 
LAD/CX/RCA 2 83 5 50 (1) 0 0 0 0 0 0 
All attempts 523 92 (611) 91 (475) 2(11) 2-8 (15) 12 (6) 3-0(16) 0 10 12 


*UC, uncrossed wire; UB, unable to cross lesion to dilate with balloon. 


MI, myocardial infarction; CABG, coronary artery bypass 
coronary artery, CX, coronary artery n= numberof 


Eia left anterior descending coronary artery; RCA, right 
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Table 6 Short term results of percutaneous transluminal coronary angioplasty by the monorail technique in patients 





with unstable angina 
Failure* 
Chnical success 
No comphcanons Waith complications 
Angiographic aaeeea aeee 
Total lete Partial UC Total Death MI CABG 


success 
(n) % (lenons) % (n) % (n) 


LAD 183 a3 tay 94 (172) — 
RCA 69 93 (64) 93 (64)  -— 
Cx 62 97 (60) 97 (60) — 
Bypass 9 100 (9) 100 (9) == 
Multilesion attempt 
LAD 94 (50) 88 (23) 4 (1) 
RCA 12 100 (24) 100 (12) — 
Cx 9 94 (17) 89 (8) 11 (1) 
Multivessel attempt: 

{CX 13 aoe 92 (12) 8(1) 
LAD/RCA 12 100 (24) 100 (12) — 
RCA/CX 8 100 (16) 100 (8)  — 
L-main/CX 1 100 (2) 100 (1)  — 


B 2 3 100 (6 10033) — 
ype ADG) (6) (3) 


All attempts 407 95 (469) 94 (384) 0-7 (3) 
n= number of panents. 
See footnote to table 5 for abbreviations. 


Table 7 Acute results of percutaneous transluminal 
coronary angioplasty by the monorail technique tn 
patients with acute myocardial infarction* 


Clrmcal 
success UB 
n (%)(n) M(t) %(n) 
Single vessel > 
LAD 


43 93 (40) .0 7 a 
RCA 32 81 (26 0 19 (6) 
CX 8 amn o 12 (1) 
Bypass graft i 100 (1) 0 0 
All attempts 84 88(74) 0 12 (10) 
*There were no deaths. 


See foomote to table 5 for abbreviations. 


500 patients per year were treated by angio- 
plasty. 


MONORAIL TECHNIQUE 
Nowadays, in elective procedures with low 
profile or super low profile dilatation catheters 
the initial success rate should be well over 
90%.'*"? None the less, angioplasty patients 
continue to be at risk of major periprocedural 
complications. Optimal visualisation and 
continued access to the distal part of the vessel 
are useful in preventing, recognising and 
facilitating the management of these acute 
complications. 

The monorail technique allows (a) optimal 
visualisation to monitor all the important steps 


UB 
K(n) % (n) % (n) (n) (n) (") 


1 (2) 0 5 (9) 2 7 6 
15(1) 0 6 (4) 1 3 2 
0 0 3 2 0 2 2 
0 0 0 (0) 0 0 0 
0 0 8 (2) 0 2 1 
0 0 0(0) 0 0 0 
0 0 00) 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
07(3) 0 420) 3 14 1 


of the coronary angioplasty procedure; (6) safe, 
rapid, and easy recrossing of the lesion if 
necessary, and (c) initial crossing of a tight or 
complex lesion with a small balloon and 
recrossing of the stenosis with larger balloons. 
Optimal visualisation is essential for negotia- 
tion of the proximal and distal parts of the 
coronary artery, for crossing of the lesion, and 
for recognition and management of the com- 
plications of the procedure. If dilatation is 
incomplete or an acute coronary occlusion 
occurs during angioplasty the monorail tech- 
nique enhances recognition of these situations 
and allows easy and safe recrossing with the 
game or a larger balloon. If this is unsuccessful 
a monorail coronary perfusion catheter can be 
introduced and coronary blood perfusion can 
be performed. The guide wire is withdrawn 
only after the control angiogram has shown a 
satisfactory result. In patients with a high risk 
of abrupt occlusion after an initial successful 
dilatation the technique permits monitoring of 
the patient in the catheterisation laboratory 
with continued access provided by the wire in 
the distal part of the vessel. 


LIMITATIONS OF THE MONORAIL TECHNIQUE 

The shaft of the standard monorail balloon 
catheter is too narrow to allow measurement of 
the transstenotic pressure difference. Un- 
doubtedly measurement of transstenotic 
pressure differences by commercial equipment 
is less accurate than by high-fidelity micro- 


Table 8 Short term results of percutaneous transluminal coronary angioplasty by the monorail technique in patients 


with occlusion of a coronary artery 


Failure 
Clinical success No comphcanons With complications 
Complete Partial UC UB Total Death MI CABG 
(n) % (n) % (n) % (n) % (n) % (n) (n) (n) (n) 
Stable angina 50 52 a 8 %} 30 (15) 8 G 2(1) 0 1 0 
Unstable angina 25 76 (19 0(0 12 (3) 00. 12 (3) 1 2 2 


See footnote to table 5 for abbreviations. 


Coronary angioplasty with the monorail techmque 


manometers.” '* None the less, haemodynamic 
evaluation of the lesion by such methods may 
help to predict restenosis’? and provide 
immediate additional information to support 
the angiographic result. Reduction in the 
diameter of the catheter allows high quality 
visualisation but precludes measurement of the 
transstenotic pressure gradient whereas an 
increase in diameter allows measurement of a 
pressure gradient but precludes high quality 
angiography. We believe that high quality 
visualisation is more helpful than measurement 
of a transstenotic pressure drop in the assess- 
ment of the result immediately after dilatation. 
The Monorail—Bonzel Snake balloon catheter, 
however, is designed to measure the drop in 
pressure gradient (table 2). 

The poor pushability and occasional kinking 
of the guide wire during retraction of the 
balloon with the first generation monorail 
catheters caused some concern. Both problems 
have been substantially improved by lengthen- 
ing of the second distal lumen, which accom- 
modates the guide wire, from 5 cm to 9-17 cm 
(Monorail Snake, 9 cm; Picolino, 17 cm). 

The risk of thromboembolic complications 
(1-4%) was higher because the guide wire 
remains in the coronary artery for longer. Full 
anticoagulation must be maintained (a second 
or third bolus infusion of heparin may be 
needed during lengthy procedures) with on line 


monitoring of anticoagulation. 


CONCLUSION 

With the monorail technique it is easier 
to obtain good angiograms to monitor all 
important steps of the coronary angioplasty 
procedure and safe, easy, and rapid recrossing 
is facilitated. The monorail technique was 
successful in 90% of 1000 patients and the rate 
of major complications (death, myocardial 
infarction, acute bypass surgery) was <4%,. 
The transstenotic pressure difference cannot 
be measured through standard monorail 


259 


balloon catheters. In future, however, smaller 
guide wires will be developed to allow 
measurement of pressure through the monorail 
catheter. 
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A technique for replacing a prosthetic aortic valve 
after total aortic root replacement 


S Shawkat, P P Sarangi, R K Firmin 


Abstract 

The excision and replacement of a failed 
aortic valve bioprosthesis in a composite 
tubular graft in two patients with 
Marfan syndrome was accomplished 
without replacing the composite graft. 


A composite tubular graft with mechanical 
valve prosthesis can be used to replace the 
ascending aorta and aortic valve in cases of 
Marfan syndrome.’ Some surgeons prefer to 
use a xenograft valve prosthesis in the com- 
posite graft. Although xenograft protheses are 
less likely to cause thromboembolic complica- 
tions they fail more quickly and need to be 
replaced. We describe the use of technique for 
replacing a xenograft valve within such a com- 
posite graft without having to re-do cardiac, 
aortic, Or coronary anastomoses in two 
patients. 


Case reports 

CASE | 

A 39 year old man with Marfan syndrome 
presented to our unit with increasing breath- 
lessness. Eleven years previously he had 
undergone mitral valve replacement with a 33 
mm Carpentier-Edwards bioprosthesis, Four 
years later he underwent composite aortic root 
replacement with reimplantation of the coron- 
ary arteries with a 30 mm woven Dacron graft 
to which a 25 mm Carpentier-Edwards proth- 
esis was sewn. On admission to our unit 


Figure 1 


investigation showed severe aortic regurgita- 
tion. At operation full cardiopulmonary 
bypass was established with pump return to 
the right femoral artery. The patient was core 
cooled to 25°C. The aortic graft was cross 
clamped and opened obliquely. Cold St 
Thomas’s cardioplegia mixture was infused 
into the coronary ostia and topical cooling was 
added. The failed aortic bioprothesis had 
severe calcification with leaflet tears and was 
freely incompetent. The stent part of the valve 
was excised leaving the sewing ring behind 
(fig 1) and the proximal graft suture line 
intact. A 23 mm St Jude aortic prothesis was 
inserted with interrupted 2/0 Ethibond 
sutures. The procedure was completed un- 
eventfully. He was discharged on the 10th 
postoperative day and remains well with 
normal aortic and mitral valve function a year 
later. 


CASE 2 

A 36 year old woman with Marfan syndrome 
had undergone composite root replacement 
with reimplantation of the coronary arteries at 
another hospital six years before. A 27 mm 
Carpentier-Edwards valve had been sewn into 
a 30 mm Dacron conduit. She was admitted to 
a district hospital with breathlessness and 
signs of heart failure one month before opera- 
tion. Then she was transferred to our hospital. 
She had pronounced oedema. Cardiac cath- 
eterisation indicated aortic regurgitation and 
stenosis and mild mitral’ regurgitation—all 
judged to be functional. Her coagulation fac- 





It is possible to dissect the stent part of the valve from the sewing ring. 


A technique for replacing a prosthetic aortic valve after total aortic root replacement 


Figure 2 A St Jude 
valve in place after 
excision of the failed 


bioprothests in patient 2. 





tors and electrolyte concentrations were 
grossly abnormal. At emergency operation she 
had the 27 mm aortic bioprothesis removed 
and a 23 mm St Jude valve inserted in exactly 
the same way as the first patient (fig 2). Again 
the bioprothesis was severely calcified and had 
leaflet tears. Although the ischaemic time was 
less than 60 minutes cardiac output was low 
after operation and she died 48 hours later. 
Necropsy showed that the operation had been 
successfully accomplished; the mitral annulus 
was dilated and the myocardium was fibrotic. 
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It was likely that death was caused by a 
combination of mitral regurgitation, which 
was more severe than we had assessed, and 
myocardial failure. 


Discussion 

The argument for using a bioprothesis in a 
composite root is essentially the same as for 
simple valve replacement. Many patients who 
undergo aortic root replacement, however, 
have Marfan syndrome and are liable to have 
cardiovascular problems at other sites. Anti- 
coagulation is a significant disadvantage in 
such patients. Unfortunately patients are gen- 
erally young and standard bioprotheses tend 
to degenerate more rapidly in them than in 
older patients. The choice of valve for in- 
dividual cases is thus difficult. We showed 
that the excision and replacement of a failed 
bioprothesis in a composite root is not tech- 
nically difficult and that it is unnecessary to 
replace the whole composite graft. 


l Bentall M, DeBono A, A technique for complete 
replacement of ascending aorta. Thorax 1968;23:338-9, 
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LETTER TO 
THE EDITOR 





Staffing in cardiology in the United 
Kingdom 1988: Fifth biennial survey 


SmrR,—Our data (1989;62:482-7) for the num- - 
ber of cardiologists in Scotland that were 

published in our fifth biennial survey have 

been criticised. We have reviewed them, and, 

using the definition given in the paper, we 

accept that 14 physicians who should have been 

included were indeed omitted. We regret this 

misunderstanding which arose principally 

because of a difference in the designation of 
training posts in Scotland compared with that 

in England and Wales. 

The errors affected tables 3 and 9 which are 
republished here with appropriate corrections. 


DOUGLAS CHAMBERLAIN 
Royal Sussex County Hospital, 
Bastern Road, 

Brighton BN2 5BE 
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NOTICE 





British Cardiac Society 

The Annual General Meeting will take place at 
the English Riviera Centre, Torquay on 22 to 
25 May 1990. The closing date for receipt of 
abstracts was 19 January 1990. 


Table 3 Number of cardiologists (cardiovascular physicians) m Scotland by health board at 1 July 1988 





Cardolagy only Major mterest 

Health board Population (1987) Adult Paediatric Adult Paechatric Total 
Argyll and Clyde 443 128 0 0 1 0 1 
Ayrshire and Arran 374 752 0 0 2 0 2 
Borders 102 141 0 0 0 0 0 
Dumfries and Galloway 147 036 0 0 0 0 0 
Frfe 344 590 0 0 0 0 0 
Forth Valley 272 077 0 0 0 0 0 

502 863 3 0 0 0 3 
Greater Glasgow 951 219 11 3 7 0 21 
Highland 200 608 0 0 1 0 1 
Lanark 563 448 0 0 3 0 3 
Lothian 743 700 6 2 1 0 9 
Orkney 19 338 0 0 0 0 Q 
Shetlands 22 429 0 0 0 0 0 
Tayside 393 762 2 0 0 0 2 
Western Isles 31 048 0 0 0 0 0 
Totals 5112 139 22 5 15 0 42 


Table 9 Scottish health boards without cardiovascular 
physicians at 1 July 1988 





Pop anthout 

Health board (mid 1987 estimate) 
Bo 102 141 
Dumfries and Galloway 147 036 
Fife 344 590 
Forth Valley 272 077 

19 338 
Shetlands 22 429 
Western Isles 31 048 


Total for the 7 boards 938 659 





Br Heart J 1990;63.263—4 
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Hypertrophic cardiomyopathy: one disease or several? 


The first clinical or pathological descriptions of a disease 
are inevitably biased by patient selection. With time the 
range of features encompassed by the disease widens 
inevitably leading to a consideration of where the actual 
limits lie—some wish to “split” others to “lump”. Hyper- 
trophic cardiomyopathy has reached this stage and itis now 
uncertain whether there is one genetic abnormality with 
protean manifestations or several genetic abnormalities, all 
of which produce morphological and clinical features of 
abnormal ventricular hypertrophy. 

Teare provided the first unequivocal illustration of the 
morphological features of what is now known as hyper- 
trophic cardiomyopathy.’ His paper is the most cited paper 
from the British Heart Journal: it has been quoted more 
than 390 times.? His method of dissecting the heart was 
unorthodox but had the advantage of clearly displaying the 
anatomy of the left ventricular outflow tract. Thus he was 
able to recognise that there was an association between 
asymmetrical hypertrophy of the interventricular septum, 
bulging out beneath the aortic valve, and sudden unexpec- 
ted death in young individuals. Coincidental with this 
morphological description there was growing recognition 
of subaortic stenosis in living individuals, and it was not 
difficult to see that the pathological features described by 
Teare were the likely basis for this. 

Teare also described the characteristic histological 
appearances of bundles of myocytes running in several 
directions and separated by connective tissue. The 
presence of a typical specimen of asymmetrical septal 
hypertrophy, misclassified as a rhabdomyoma of the heart 
in St George’s Medical School museum, biased him 
towards the idea of a localised benign tumour and he 
therefore did not appreciate that the biological changes 
represented a generalised abnormality of heart muscle. 

During the 1970s it became recognised that the disease 
was not as circumscribed in its clinical features as the name 
asymmetrical septal hypertrophy implied. Echocardio- 
graphic surveys showed that while the upper septum and 
anterior wall of the left ventricle was the most common site 
of hypertrophy the segment of abnormal muscle may lie in 
the mid-septal, lateral, posterior, or apical regions of the 
left ventricle?‘ or in the right ventricle.” Symmetrical 
involvement of the left ventricle is another recognised 
variant. Family studies show that the expression of the 
disease withm a family is very variable.’ Teare later 
recognised that the morphological features of the disease 
were more varied than his initial description of asym- 
metrical septal hypertrophy and that it occurred in elderly 
people dying of other causes.’ The early descriptions of the 
disease emphasised the high risk of both sudden death and 
cardiac failure, but later surveys pointed out that the 
disease can be relatively benign and compatible with a long 
asymptomatic phase.’* Anatomical criteria have now been 
used to create a broader definition of hypertrophic car- 
diomyopathy as a hypertrophied, non-dilated, left ventricle 


in the absence of a cardiac or systemic disease that itself 
could produce left ventricular hypertrophy.”° 

Ideally there should be a single “gold standard”’ for the 
disease—the histological features seem to be an obvious 
candidate. One characteristic of hypertrophic car- 
diomyopathy, unlike hypertrophy secondary to an in- 
creased volume or pressure load, is the very uneven 
increase in myocyte size and nuclear ploidy. Another 
characteristic, the myocyte disorganisation or disarray first 
recognised by Teare, has a variety of forms. Myofibrillar 
disorganisation is an intracellular abnormality of contrac- 
tile filament organisation, and its specifity is low because it 
is also found in a wide range of cardiomyopathies. True 
disarray is a malarrangement of cell to cell contact—the 
shape of individual myocytes is abnormal and lateral 
attachments are increased. The histological pictures are 
complex and depend on the plane in which the cells are 
sectioned. The most common form consists of areas of 
myocardium in which adjacent cardiac muscle cells are 
aligned obliquely, producing a whorled, tangled, or pin- 
wheel configuration. This histological appearance, 
however, is not absolutely specific because it is also found 
in focal areas in normal hearts as well as in hearts in which 
valve disease has resulted in hypertrophy.” The junction of 
the right ventricular free wall and the septum is especially 
likely to have focal areas of disarray. But the extent of 
disarray has a high specificity and sensitivity for hyper- 
trophic cardiomyopathy. Maron and Roberts used a 
planimetric method to measure the percentage area of the 
septum occupied by disarray in 54 patients with a firm 
clinical and echocardiographic diagnosis of hypertrophic 
cardiomyopathy." © They used 144 hearts from normal 
individuals or from those with hypertrophy caused by 
aortic valve disease, hypertension, and congenital heart 
disease for comparison. The mean (SEM) percentage area 
of septum containing disarray was 31 (3)% in hypertrophic 
cardiomyopathy and 1:5 (0-6)% in controls. Whereas a cut 
off point of 5% gives a 86% sensitivity and 90% specificity 
for disarray being diagnostic of hypertrophic car- 
diomyopathy, six patients with all the other hallmarks of 
hypertrophic cardiomyopathy had less than 5% disarray 
and three of these had no disarray at all. 

Two control hearts showed more than 20% disarray. As 
a corollary to this demonstration of the variable amount 
and uneven distribution of disarray in whole hearts, biopsy 
in life can neither confirm nor refute the diagnosis of 
hypertrophic cardiomyopathy. The chance of obtaining 
false negative findings is high because of sampling error; 
false positives arise because the biopsy specimen can 
include a focal area of disarray in a heart without hypertro- 
phic cardiomyopathy. This does not mean that the use of a 
scoring system based on a constellation of abnormal 
histological findings in a biopsy specimen including the 
myocyte size, nuclear size, and myocyte disorganisation 
cannot distinguish between hypertrophic cardiomyopathy 
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and normal hearts'* but only that biopsy will not resolve a 
doubtful clinical diagnosis. 

The number of myocytes in a transect of the septum was 
higher in hypertrophic cardiomyopathy than when an 
equivalent degree of hypertrophy was attributable to a 
known cause such as hypertension.’*"? Such results 
indicate that in hypertrophic cardiomyopathy there is an 
increase in the total number of myocytes (hyperplasia) as 
well as an increase in myocyte size (hypertrophy). It is not 
known whether this hyperplasia occurs in utero, in early 
childhood, or in the adolescent growth phase. Sequential 
echocardiographic study throughout life in individuals 
from families with hypertrophic cardiomyopathy suggests 
that segments of hypertrophic myocardium are first detec- 
ted in the adolescent growth phase and do not subsequently 
spread out into the rest of the ventricle.” 

Two papers in this issue of the British Heart Journal 
propose a further widening of the clinical spectrum of 
hypertrophic cardiomyopathy. Maron et al (p 308) describe 
a young man, from a family known to have hypertrophic 
cardiomyopathy, who dropped dead: necropsy showed a 
macroscopically normal heart of normal weight and no 
hypertrophy.” Histological examination, however, showed 
extensive myocardial disarray. The implication is that had 
the patient not died the typical echocardiographic abnor- 
mality of segmental hypertrophy would have appeared 
later in life. A further possibility is shown in the paper by 
McKenna et al (p 287) who describe two families with a 
clear history of sudden death.” At necropsy none of the 
victims, some of whom were adults, showed evidence of 
hypertrophy as assessed by left ventricular mass or shape 
but the percentage of myocyte disarray was well within the 
range characteristic of hypertrophic cardiomyopathy. 
These papers show that it is possible to have cases which 
have good cause to be considered as hypertrophic car- 
diomyopathy but do not actually have hypertrophy when 
this is defined as an increase in left ventricular mass or 
thickness. 

The question remains whether there is one genetic 
abnormality encompassing all these different mor- 
phological and clinical expressions or whether there are 
several genetic abnormalities with a final common pathway 
of abnormal myocardial hypertrophy. 

Identification of the gene or genes responsible would 
resolve the issue. A start has been made to identify by 
linkage studies the chromosomes responsible in affected 
families.” A site on chromosome 14 was identified in three 
families with considerable certainty. The genes for the 
heavy chains of cardiac myosin are on this chromosome. 
Further linkage studies will establish whether all affected 
families are the same and the relation of hypertrophic 
cardiomyopathy to conditions such as neurofibromatosis, 
Friedreich’s ataxia, and Noonan’s syndrome—all of which 
can cause a cardiac disease morphologically similar to 
hypertrophic cardiomyopathy. Initial results have iden- 
tified one family with typical hypertrophic cardio- 


Davies 


myopathy in which there is no linkage to a locus on 
chromosome 14 (W J McKenna, 1990, personal com- 
munication). This implies that at least two separate gene 
abnormalities can produce the disease known as hyper- 
trophic cardiomyopathy. 


MJ DAVIES 
British Heart Foundation 
Cardiovascular Pathology Unit, 
St George’s Hospital Medical School, 
Cranmer Terrace, 
London SW17 ORE 
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Editorial 








Hypertrophic cardiomyopathy in the elderly 


Hypertrophic cardiomyopathy, defined as idiopathic 
hypertrophy of a non-dilated ventricle, has a range of 
morphological and clinical features and can occur from 
infancy to old age.’ Hypertrophic cardiomyopathy, al- 
though initially regarded as a rare disorder of young 
patients with symptoms, is probably not uncommon. In the 
early years, after the first descriptions of the disease, most 
clinical studies came from a few tertiary referral centres*— 
this biased selection towards young patients with symp- 
toms who had a disease characterised by asymmetrical 
septal hypertrophy and dynamic left ventricular outflow 
tract obstruction.** Since then, however, it has become 
apparent, particularly with the widespread application of 
echocardiography, that hypertrophic cardiomyopathy 
occurs in patients of all ages with or without regional septal 
hypertrophy, an outflow tract gradient, or symptoms.*? 


Diagnosis 

Echocardiography is now the technique of choice for the 
diagnosis and assessment of hypertrophic cardiomyopathy. 
The echocardiogram usually shows hypertrophy of the 
ventricular septum, but any region of the left ventricle (and 
occasionally the right ventricle) can be affected. Left 
ventricular contraction is hyperdynamic and there is often 
impaired and incoordinate relaxation and a reduced rate of 
filling.’ '* These features are similar in all age groups, but 
in the elderly fibrous thickening of the ventricular seprum 
in the area of mitral septal contact may be prominent and 
there can be quite extensive mitral annular calcification.” 
The aortic valve may also be calcified and regurgitant. 

In a young patient, the echocardiographic finding of 
idiopathic left ventricular hypertrophy may lead with 
certainty to the diagnosis of hypertrophic cardiomyopathy; 
but in the elderly there are more frequent secondary causes 
of left ventricular hypertrophy. In particular, increasing 
age is clearly associated with increased left ventricular mass 
and septal thickness and changes in diastolic function.!*” 
In extreme old age, the septum may not only be hyper- 
trophied but also sigmoid, which can also simulate the 
appearance of hypertrophic cardiomyopathy.” In children 
with clinical evidence or a family history of hypertrophic 
cardiomyopathy rapid development of left ventricular 
hypertrophy can be seen by echocardiography over four 
years. Increases in wall thickness of up to 23 mm have been 
noted.* In contrast, a similar study in 65 adults showed 
that none demonstrated an increase in left ventricular wail 
thickness and 14°, had a significant reduction with relative 
enlargement of the left ventricular cavity.” In addition, 
echocardiographic measurements of left ventricular mass 
and maximum wall thickness were significantly higher in 
patients aged 21-30 than in older patients. Younger 
patients also had the most severe and diffuse hypertrophy 
in a study of 700 individuals with hypertrophic car- 
diomyopathy.% However, some patients, particularly 
women, may present in their sixth or seventh decade after a 
prolonged asymptomatic (latent?) period with progressive 
symptoms and often a poor response to medical treatment. 


Such patients may have a distinctive type of the disease, 
with modest septal hypertrophy, distortion of the left 
ventricular outflow tract, and a gradient generated by the 
posterior motion of the septum against the restricted 
movement of a calcified mitral valve.” 


Prognosis 

While premature sudden death is a well-known feature of 
hypertrophic cardiomyopathy it is relatively uncommon in 
patients with hypertrophic cardiomyopathy.” Sudden 
death is not confined to the young but most studies of the 
natural course of the disease have emphasised its rarity in 
elderly patients.” * A retrospective analysis of 284 patients 
showed that sudden death was more common in those aged 
< 14 years and in older patients with symptoms. The 
annual mortality for cases diagnosed in childhood was 
5:90 , compared with 2:5% for cases in adults.” The better 
prognosis of elderly patients may reflect the survival of a 
subset of patients at low risk of sudden death, especially 
those with ventricular tachycardia or an adverse family 
history.” ? Lack of exertion in the elderly may also have a 
protective effect. 


Hypertensive hypertrophic cardiomyopathy? 

In 1957, when Brock first described an elderly patient with 
severe left ventricular hypertrophy and an outflow tract 
gradient, he concluded that the disease was secondary to 
hypertension™; this was not borne out in subsequent 
reports. * Though the morphological and echocardio- 
graphic features of hypertrophic cardiomyopathy and 
severe secondary left ventricular hypertrophy are usually 
distinctive,” diagnosis is complicated in mildly hyper- 
tensive patients with unequivocal echocardiographic 
features of hypertrophic cardiomyopathy in whom the 
degree of hypertrophy is inappropriate for the severity of 
hypertension. This problem was emphasised by the iden- 
tification of 21, mostly elderly, female patients with severe 
concentric hypertrophy and small left ventricular cavity 
with hyperdynamic left ventricular contraction and ab- 
normal diastolic function.” These patients usually pre- 
sented in heart failure and their symptoms tended to be 
relieved by f blockade or calcium channel blocking drugs, 
rather than the traditional treatment of heart failure. This 
condition (hypertensive hypertrophic cardiomyopathy) 
suggests the coexistence of hypertrophic cardiomyopathy 
and hypertension. Among patients with hypertrophic 
cardiomyopathy those with hypertension tend to be older 
than those without. The clinical and echocardiographic 
features of hypertrophic cardiomyopathy were indistingui- 
shable in those with hypertension and those without, 
except that hypertensive patients had thicker ventricular 
walls.° The wide variability of expression of hyper- 
trophic cardiomyopathy implies that other stimuli to the 
expression of hypertrophy such as pressure overload and 
neurohormonal factors may be important in genetically 
susceptible individuals. Further careful clinical and genetic 
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studies are required to clarify whether the definition of 
hypertrophic cardiomyopathy needs to be enlarged to 
include hypertension or whether hypertensive hyper- 
trophic cardiomyopathy is a distinct clinical entity. ' 


Treatment 
Patients of all ages without symptoms or arrhythmias do 
not require treatment. Dyspnoea or angina are often 


adequately managed with f blockade or calcium antagonis- 


ts* and amiodarone improves prognosis in patients with 


arrhythmias.” Surgery should not be excluded in the 
elderly because the results of myotomy and myectomy in 
those with outflow tract gradients (with or without con- 
comitant coronary bypdss grafting) are good.“” 

The presentation of an apparently congenital disorder in 
the elderly (without previous heart disease) is puzzling. 
While the elderly may present with typical symptoms of 
dizziness, syncope, breathlessness, chest pain, and palpita- 
tion the diagnosis 1s often delayed because these symptoms 
can be caused by coexistiiig disease. In addition, elderly 
patients can present in intractable heart failure caused by 
abnormalities of left ventricular relaxation and filling, and 
the diagnosis may be obscured by mitral regurgitation and 
mitral annular calcification. Although the distinctions 
between primary and secondary causes of hypertrophy are 
clear in young adults they are vague in the very young and 
the elderly. However, identification of the cause of hyper- 
trophy probably has little influence on management. 


LEONARD M SHAPIRO 
Regional Cardiac Unit, 
Papworth Hospital, 
Papworth Everard, 
Cambridge CB3 8RE 
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Six year follow up of a consecutive series of 
patients presenting to the coronary care unit with 
acute chest pain: prognostic importance of the 


electrocardiogram 


Malcolm J Metcalfe, John M Rawles, Carole Shirreffs, Kevin Jennings 


Abstract 
In a retrospective 6 year follow up data 
were obtained for 536 of 566 (95%) con- 
secutive patients admitted to a coronary 
care unit with acute chest pain. Their 
diagnoses were acute myocardial infarc- 
tion in 290 (54%), myocardial ischaemia 
in 164 (31%), pericarditis in 16 (3%), and 
non-cardiac in 66 (12%). Six year mor- 
tality was 36%, 24%, 0%, and 16% 
respectively. In patients with acute 
myocardial infarction a higher mortality 
rate during follow up was associated with 
a higher than average age, a higher than 
average creatine kinase, previous 
myocardial infarction, Q wave infarction, 
and the presence of reciprocal changes. 
The presence of reciprocal changes was 
associated with higher than average con- 
centration of serum creatine kinase, 
indicating more extensive infarction. 
Infarction complicated by ventricular 
fibrillation or left bundle branch block 
was associated with a higher death rate. 
The electrocardiogram recorded at the 
time of acute myocardial infarction con- 
tains much useful prognostic infor- 
mation. 


Several studies have reported mortality and 
prognostic patterns after myocardial infarc- 
tion.’ Fewer studies have examined mortality 
in patients with either a diagnosis of cardiac 
ischaemia without infarction or ‘non-car- 
diac” chest pain.’ Furthermore, although many 
studies have identified subgroups of patients at 
risk,® they have usually relied upon either 
predischarge or outpatient investigations.’ © 
Unfortunately, many deaths may occur before 
these investigations can be performed (and 
acted upon) so there is a need for a method of 
identifying high risk patients from the time of 
admission. The electrocardiogram recorded 
during the hospital stay is often neglected or 
passed over for more complex investigations, 
but we have found it to be a useful prognostic 
indicator despite previous reservations about 
its importance.'*-? 

To investigate these points we studied a 
consecutive series of patients presenting to a 
coronary care unit with acute chest pain who 
were followed up over a six year period. 


Patients and methods 

Over a one year period 566 consecutive patients 
presented to a coronary care unit with acute 
onset of chest pain. Follow up data were 
obtained for 536 (95%), who are the subjects of 
this report. Their mean age was 55 years (range 
24-78 years); 399 were male and 137 were 
female. Details of the electrocardiogram on 
presentation and of any subsequent changes or 
arrhythmias during the hospital stay were 
recorded, together with personal details and 
past medical history. The patients were fol- 
lowed up retrospectively by reference to their 
hospital case notes or by contact with their 
general practitioners. Details of subsequent 
cardiovascular events and the cause of death 
were obtained wherever possible. 

The diagnosis of acute myocardial infarction 
was made if two of the following were present: a 
characteristic history of more than 30 minutes 
chest pain, a rise in the concentration of serum 
creatine kinase of > 75 U/l, and the develop- 
ment of characteristic echocardiographic 
changes. All the electrocardiograms were 
recorded in 12 lead format at a paper speed of 
25 mm/s and 10 mm/mV. 

We used the following definitions: 

Q wave myocardial infarction. The develop- 
ment of abnormal Q waves in at least two 
adjacent infarct related leads. 

Non-Q wave myocardial infarct. Important 
ST segment change or T wave inversion in at 
least two adjacent inferior leads or three 
adjacent anterior leads not progressing to the 
formation of abnormal Q waves, with these 
changes persisting for at least 24 hours. 

“Enzymatic infarction’. Acute chest pain 
with an abnormal rise of creatine kinase to at 
least twice the upper limit of normal but no 
significant electrocardiographic changes. 

Reciprocal changes. ST segment depression 
>1 mmator after 0-08 s from the J point of the 
QRS complex in leads VI-V3 in inferior 
infarcts and leads 2, 3, and aVF in anterior 
infarcts. Posterior infarcts all showed 
reciprocal changes (qv). Only those patients 
showing reciprocal changes within 24 hours of 
admission were included in this category. 

Ischaemic heart disease presenting as ST 
segment depression of >1 mm and/or T wave 
flattening or inversion with no permanent ST 
or T wave changes and no abnormal rise in 
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Follow up data (mean 76 months (range 34-90) ) on 536 patients urth acute chest pain 


with various causes 











Mortality (%) 
Diagnosis Number Mean age 1 Month 6 Years 
Myocardial infarction 290 54 14 (10-18) 36 (29-42) 
Myocardial ischaemia 164 53 1(0-3) 24 (17-31) 
Non-cardiac 66 52 0 16 (6-25) 
Pericardius 16 47 0 0 


95",, Confidence intervals are shown in parentheses 


Figure! Survival curves 
for acute myocardial 
infarction (MI), 
ischaemic heart disease, 
and “non-cardiac” pain 
(95° „ confidence intervals 
are shown as shaded 
areas) 


serum creatine kinase despite a characteristic 
history of chest pain. 

Pericarditis. Characteristic history and 
clinical signs plus concave ST segment eleva- 
tion but no permanent electrocardiographic 
change or rise in creatine kinase. 

“‘Non-cardiac’’ chest pain. A history of chest 
pain with no supporting electrocardiographic 
changes (including a predischarge exercise test) 
or abnormal rise of serum creatine kinase on 
that admission. 

The arrhythmias recorded, whether tran- 
sient or permanent, were atrial fibrillation, 
supraventricular tachycardia, complete 
atrioventricular block, left bundle branch 
block, frequent ventricular extrasystoles, ven- 
tricular tachycardia, or ventricular fibrillation. 

The peak concentration of serum creatine 
kinase was recorded, the upper limit of normal 
being 75 U/l. An arbitrary distinction was 
made between mean peak enzyme concen- 
trations above and below 1200 U/l, indicating 
larger or smaller infarcts respectively. 

All patients with a diagnosis of myocardial 
infarcuon underwent a limited exercise test 
before discharge. Any patients who did not 
complete this satisfactorily were started on a f 
blocker and examined by cardiac catheterisa- 
tion. They progressed to either bypass surgery 
or continued on medical treatment as 
appropriate. Patients with a diagnosis of 
ischaemic heart disease also underwent a full 
exercise test before discharge. If appropriate 
they had cardiac catheterisation. 

Results were analysed by standard life tables 
calculated on a monthly basis. We compared 
groups by means of the log rank test.” 


Results 

Follow up data for a mean of 76 months (range 
34-90 months) were obtained for 536 out of 566 
(95%) patients with the diagnoses of acute 
myocardial infarction, ischaemic heart disease, 
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pericarditis, and “‘non-cardiac” chest pain. 
The table shows the 6 year mortality and figure 
1 the life tables. In 11 out of 66 patients with a 
“non-cardiac” diagnosis for the index event 
manifestations of ischaemic heart disease 
developed during follow up. 

Survival after myocardial infarction was sig- 
nificantly worse than after the diagnoses of 
ischaemic heart disease (y? = 8-7; p < 0-01) but 
survival after a “non-cardiac” diagnosis was 
not significantly different from that after a 
diagnosis of ischaemic heart disease (77 = 1-9; 
NS). 


MYOCARDIAL INFARCTION 
There were 194 patients with Q wave myocar- 
dial infarction (31 had had a previous myocar- 
dial infarct), 52 with non-Q wave infarcts, and 
44 “non-specific” infarcts. Five of the 44 were 
“enzymatic infarcts”, nine had left bundle 
branch block, and in 30 electrocardiographic 
data were incomplete. Thus complete electro- 
cardiograpic data were available for 260 of the 
290 patients with acute myocardial infarction. 
In the first month mortality from myocardial 
infarction was 14% with a uniform annual 
mortality of 33% thereafter. There was no 
difference in mortality between the sexes and 
mortality during the first year was no different 
from that in subsequent years. 


EFFECT OF AGE (fig 2) 

Mortality was significantly higher for those 
patients aged above the median of 56 years at 
the time of myocardial infarction than in those 
aged 56 or below (44% vu 27% respect- 
ively) = 14-1; p <0-001). 


PREVIOUS INFARCTION 

Mortality was higher for those with previous 
infarction than in those without previous 
infarction (zy? = 45; p < 0-05). 


SEX 

There was no significant difference in mor- 
tality from myocardial infarction for men and 
women (77 = 0-0; NS). 


CREATINE KINASE ABOVE AND BELOW 1200 U/L 

For the patients with full data on enzyme 
concentrations, the median serum creatine kin- 
ase concentration was 1200 U/l. One hundred 
and twenty nine patients had a serum creatine 
kinase concentration of less than this median 
value; their 6 year mortality was less than that 
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Electrocardiogram im sıx year follow up of chest pam 


Figure 2 Survival curves 
for patients with 
myocardial infarction aged 
<56 years and > 56 years 
(95% confidence intervals 
are shown as shaded 
areas), 


Figure 3 Surmval curves 
Sor patients with serum 
concenti ations of creatine 
kinase < 1200 U/l and 

> 1199 UJI (95% 
confidence intervals are 
shown as shaded areas). 
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of the 135 patients with a value of 21200 U/l (fig 5). The patients with non-Q wave infarcts 
(23% v 42% respectively) G? = 10-9; p < also had lower mean concentrations of creatine 


0 001 (fig 3). The mean age in both groups was 
55. 


SITE OF INFARCTION 
The site of infarction was anterior in 147 
(50%), inferior in 103 (36%), posterior in 16 
(6%), and uncertain in 24 cases (8%). There 
was no significant difference in mortality 
between patients with anterior or inferior 
infarctions (77 = 0-5; NS). 


RECIPROCAL CHANGES 

Two of the 260 patients with electrocardio-~ 
graphic evidence of myocardial infarction were 
excluded because the first electrocardiogram 
available for analysis was performed more than 
24 hours after admission. The 105 patients with 
reciprocal changes had a higher mortality than 
the 153 patients without reciprocal changes 
Of = 10-9; p < 0-001) (fig 4). The mean age 
was 55 in each group but the mean concentra- 
tion of serum creatine kinase was higher in 
those patients with reciprocal changes than 
those without (1999 v 1279 U/l; p < 0-001). 
Only eight of 105 patients with reciprocal 
changes had previously had a myocardial 
infarction compared with 25 of 153 patients 
without reciprocal changes (7? = 4-2; 
p < 005). 


Q AND NON-Q WAVE INFARCTS 

Mortality was significantly lower in the 52 
patients with non Q wave infarcts than in those 
with Q wave infarcts (77 = 9-8; p < 0-01) 
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kinase than those patients with Q wave infarcts 
(1016 v 1689 U/l, p < 0-001). 


MYOCARDIAL INFARCTION COMPLICATED BY 
ARRHYTHMIAS 

Ventricular fibrillation occurred in 35 patients, 
in whom the mean serum concentration of 
creatine kinase was 3246 U/I. Mortality was 
higher than in patients with myocardial infarc- 
tion without this complication (77 = 20-2; 
p < 0 001) (fig 6). 

Myocardial infarction was complicated by 
ventricular tachycardia in 16 patients and by 
transient or permanent atrial fibrillation in 
17 patients. In neither case was survival 
significantly different from that in patients 
without these complications (7° = 3-3 and 0-5 
respectively). 

Ten patients had left bundle branch block 
(seven died during the first month of follow 
up}—a significantly worse survival rate than in 
those without this complication (7? = 9-6, 
p < 0-01). 


Discussion 

EFFECT OF INFARCT SIZE AND PREVIOUS 
MYOCARDIAL INFARCTION ON OUTCOME 

The prognosis after myocardial infarction is 
strongly related to residual ventricular func- 
tion.’ Patients with larger infarcts or prior 
myocardial infarction would, therefore, be 
expected to have a worse prognosis'*® because 
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Figure 4 Survrval curves 
Sor patients with and 
without reciprocal changes 
(95% confidence intervals 
are shown as shaded 
areas). 


Figure 5 Survrval curves 
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more extensive damage is associated with 
pump failure and ventricular fibrillation.’ "° 
This is clearly shown in our study where the 
prognosis was worse for patients with prior 
myocardial infarction or with serum concentra- 
tions of creatine kinase above the median value. 


RECIPROCAL CHANGES 
The cause of the reciprocal changes seen on the 
electrocardiogram in acute myocardial infarc- 
tion is still a matter of debate?” but there is 
evidence of associated increased mortality.® 
One view is that reciprocal change is purely an 
electrophysiological phenomenon,” while an 
alternative view is that it indicates more exten- 
sive ischaemia or infarction.'*® 

If recriprocal change results from more 
extensive ischaemia or infarction, then patients 
showing this would be expected to have higher 
serum concentrations of cardiac enzymes and a 
worse prognosis; this is what we have shown. 
Interestingly, those patients showing 
reciprocal changes had significantly fewer 
previous infarctions, so for that reason this 
group would have been expected to have had a 
better prognosis. There was no significant age 
difference between the two populations to 
account for our findings. These data, therefore, 
strongly support the view that the presence of 
reciprocal changes acts as an early and indepen- 
dent marker for those patients at particularly 
high risk. This excess risk is manifested within 
the first month and continues thereafter. 


SEX AND SITE OF INFARCTION 
It has been suggested that women have a worse 
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prognosis than men after myocardial infarc- 
tion.” Our data do not support this. The 
apparent difference in mortality between the 
sexes reported by others was most probably the 
result of the higher mean age of the women.” 

In the past it was considered that anterior 
myocardial infarction carried a worse prognosis 
than inferior infarction,’ '*?™! although more 
recently this has been refuted.” We found no 
significant difference in mortality between the 
sites of infarction. 


Q WAVE AND NON-Q WAVE INFARCTION 

There is still debate over the prognosis of 
patients with subendocardial infarction. It is 
widely believed that although there is a smaller 
initial mortality than for transmural infarc- 
tions, there is a substantial subsequent risk 
because many of these patients progress to 
transmural infarction.» If this were so then 
the survival curves for these two groups would 
tend to converge.” Definitions of non-trans- 
mural infarction vary,” and to complicate mat- 
ters still further many transmural infarctions 
diagnosed at necropsy have not produced Q 
waves on the surface electrocardiogram. 

We did not see convergence of survival 
curves and a lower mortality was seen in the 
non-Q wave group, presumably reflecting the 
smaller infarcts.” In patients with non-trans- 
mural infarction, as we define it, there appears 
to be no reason for early investigation. This 
conclusion is supported by an extensive review 
of published reports”? and one large recent 
study” which showed a better prognosis in 
patients with subendocardial infarction. 
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Figure 6 Survrval curves 
for patients without 
ventricular fibrillation and 
toth ventricular 
fibrillation (95% 
confidence intervals are 
shown as shaded areas). 


100 
90 
80 
70 
60 
(*le) 
50 
40 


30 


0 6 12 18 30 


271 





48 5&2 60 


36 42 


Months 


MYOCARDIAL INFARCTION COMPLICATED BY 
VENTRICULAR FIBRILLATION 

If very early ventricular fibrillation is success- 
fully treated it is not generally thought to carry 
such an adverse prognosis as later ventricular 
fibrillation.” We did not distinguish between 
those patients with very early and those with 
later ventricular fibrillation but in view of the 
small numbers it is unlikely tht such analysis 
would have been conclusive. However, the 
larger an infarct the greater the likelihood of 
ventricular fibrillation developing.” In this 
study the patients in whom ventricular fibrilla- 
tion developed had a mean serum concentra- 
tion of creatine kinase that was twice that for all 
infarcts, and mortality was significantly worse 
than for patients without ventricular fibrilla- 
tion. 


CARDIAC ISCHAEMIA 

The prognosis of patients with chronic angina 
is usually thought to be quite good, and many 
hundreds of patients have been repeatedly 
exercised to induce angina, either during phar- 
maceutical studies or to improve exercise 
tolerance, without coming to harm.” ” 

In our patients with a diagnosis of ischaemic 
heart disease outcome was not good. Although 
their initial mortality was low, their subsequent 
6 year mortality was only one third less than 
that for patients with infarcts. Some might 
suggest that it is only the subset of patients who 
get admitted with unstable or severe angina 
that is at risk, but this is not supported by 
community studies. For example, Hobkirk 
followed up 307 out of 336 patients known to 
have chronic angina. Four years later 12% had 
died and 6% had undergone bypass grafting.° 
Campbell et al followed up 1428 women with 
angina; by 12 years there was a 50% increase in 
their expected mortality.” 

It has been postulated that patients with a 
history of chronic angina before infarction 


might have smaller infarcts and a better prog- 
nosis than patients without angina.” In theory, 
chronic angina should lead to the development 
of collateral vessels which protect the jeopard- 
ised myocardium.” ” Our own and previous 
studies, however, do not support this hypo- 
thesis.'?7" 


“NON-CARDIAC” CHEST PAIN 
Patients with a diagnosis of “non-cardiac” pain 
or “‘chest pain ? cause” are generally thought to 
have a good prognosis. Our study clearly 
showed that for our patients this was not so; the 
6 year mortality (16%) differed only marginally 
from that in patients diagnosed as having 
ischaemic heart disease. Smyllie reported 
similar results.’ In Smyllie’s study at 6 years 
there was a 12% mortality for patients dis- 
charged with a diagnosis of angina and a 10% 
mortality for patients diagnosed as having 
“non-cardiac” pain. Wilcox et al noted a low 
one year mortality in patients with “non-car- 
diac” chest pain, which we have confirmed; 
but later manifestations of ischaemic heart 
disease suggest that in some cases the “non- 
cardiac” diagnosis was mistaken. Our results 
suggest that patients with “non-cardiac pain” 
should perhaps be followed up more closely. 
The electrocardiogram recorded at the time 
of acute myocardial infarction is of consider- 
able prognostic value and could be used to 
identify patients who might benefit from early 
investigation and intervention. If the elec- 
trocardiogram shows reciprocal changes, or 
where infarction 1s complicated by ventricular 
fibrillation or left bundle branch block, 
patients are at particular risk. On the other 
hand, patients without reciprocal changes and 
those with non-Q wave infarction are at 
relatively low risk. Patients in whom myocar- 
dial infarction is not confirmed, who are dis- 
charged with a diagnosis of ischaemic heart 
disease or “‘non-cardiac”’ pain, nevertheless, 
have an appreciable long term risk. 
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Effect of thrombolysis on the evolution of late 
potentials within 10 days of infarction 


Michael Eldar, Jonathan Leor, Hanoch Hod, Zeev Rotstein, Smadar Truman, 


Eliezer Kaplinsky, Shimon Abboud 


Abstract 
Patients with late potentials in the signal 
averaged electrocardiogram are more at 
risk of lethal arrhythmias in the period 
after acute myocardial infarction. To test 
the effects of thrombolysis on the in- 
cidence and evolution of late potentials, 
158 consecutive patients were prospec- 
tively studied during the first 10 days 
after acute myocardial infarction. The 
study population consisted of two groups: 
93 control patients treated conservatively 
and 65 patients treated with intravenous 
thrombolysis. Recordings of signal 
averaged electrocardiogram were ob- 
tained within two days and 7-10 days after 
infarction. The incidence of late poten- 
tials in the first two days after infarction 
was not significantly different in the 
thrombolytic and control groups (14% v 
11:8%). By 7-10 days the incidence of late 
potentials among patients who under- 
went thrombolysis remained unchanged 
(14%); however, it increased significantly 
in the control group (11:8% to 22-5%). 
Thus thrombolysis seems to reduce the 
evolution of late potentials within 10 days 
of infarction. Because the risk of fatal 
arrhythmias is higher in patients with 
late potentials this study may partly 
explain the reduced mortality after 
thrombolysis. 


Ventricular late potentials consist of low 
amplitude high frequency electrical signals that 
occur at the end of the QRS complex or during 
the ST segment. These signals probably arise 
from areas of slow conduction in diseased 
myocardial regions and may thus be markers of 
arrhythmogenic features.' Late potentials 
present within 1—4 weeks after acute myo- 
cardial infarction predicted a higher risk of 
sudden cardiac death and ventricular tachycar- 
dia in the next 6-24 months.? Recently, throm- 
bolytic treatment within a few hours of acute 
myocardial infarction has been established as 
an effective means of improving survival’ * and 
preserving myocardial function?‘ in the acute 
and chronic phases of infarction. However, 
there are few data on the incidence, course, and 
the effects of thrombolysis on late potentials in 
the early post-infarction period. We have 
evaluated the effects of thrombolytic treatment 
on the incidence and evolution of late potentials 
during the first 10 days after acute myocardial 
infarction. 


Patients and methods 

Our prospective study included 158 con- 
secutive patients with first acute myocardial 
infarction who underwent two signal averaged 
electrocardiogram recordings, the first within 
two days and the second within 7~10 days of the 
acute myocardial infarction. We excluded 
patients with a QRS complex lasting 2110 ms 
or atrial fibrillation on an admission surface 
electrocardiogram. There were 138 men and 20 
women (mean (SD) age 60 (8) years). Anterior 
acute myocardial infarction was diagnosed in 
60 and inferior acute myocardial infarction in 
98 patients. The diagnosis of acute myocardial 
infarction was based on prolonged (> 30 min- 
utes) chest pain, ST elevation of >1mV in at 
least two leads on the admission electrocar- 
diogram, and a raised serum concentration of 
creatine kinase of myocardial origin. 

Intravenous thrombolytic agents were given 
to 65 patients within four hours of the acute 
myocardial infarction: 24 were treated with 
streptokinase (1:5 million units) and 41 with 
tissue plasminogen activator (120 mg) (throm- 
bolysis group). In 49 patients reperfusion was 
successful and in 16 it was not. Successful 
reperfusion was defined as an abrupt decrease 
in chest pain and a decrease of ST segment 
elevation by at least 50% within 30 minutes of 
administration of the thrombolytic agent 
associated with early peaking of creatine kinase 
MB (within 9-12 hours). Ninety three patients 
did not receive thrombolytic agents (control 
group) either because they arrived too late at 
the hospital (chest pain for more than four 
hours) or because of conventional contra- 
indications to thrombolytic treatment. The 
mean (SD) left ventricular ejection fraction 
determined 2-10 days after infarction by the 
multiple gated acquisition technique was sig- 
nificantly higher in successful reperfusion than 
unsuccessful reperfusion and control patients 
(57-4 (10:1)% v 42-3 (14:7)% and 42:3 (15)%, 
respectively, p < 0-05). No other clinical 
variables were significantly different among 
the groups (table 1). 

Signal averaging was obtained by the Hypec 
analyser (Aerotel, Israel), which allows 
separate averaging of the 12 electrocardio- 
graphic leads. The system uses a non-recursive 
(finite impulse response) digital filter provided 
by fast Fourier transformation algorithm 
which allows for a zero phase delay and preven- 
tion of the ringing phenomenon without the 
use of bidirectional signal processing.” Normal 
values for signal averaged electrocardiogram 
were measured in 25 normal subjects, 22 
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Table 1 Clinical variables of the study groups 
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Table 2 Frequency of late potentials in thrombolysis and 
control groups 





Thrombolysis 
2 days 7-10 days 

Variable Successful Unsuccessful Control Treatment n(%) n(%) 
Patents 49 93 ‘Thrombolysis’ 
Age (mean (SD)) 586 (10) 61 (6-25) 61 (9) Total 9/64 (14) 9/64 (14) 
Men 42 81 Successful 5/49 (10 4) 5/49 ao 4) 
Women 7 1 12 Unsuccessful 4/16 (25) 4/16 (25) 
Anterior MI 21 8 31 Control 
Inferior MI 28 8 62 Total 11/93 (118) 21/93 (225) 
LVEF % (mean (SD)) 574 (101) 423 (147 423 (15:0) 





LVEF, left ventricular eection fraction, MI, myocardial infarction 


Figure 1 Signal 


averag 


electrocardtogram of six 
precordial leads recorded 
from a patient with 
successful reperfusion. 
Late potentials were not 
present and QRS duration 
and RMS, were normal 


in all leads, 


patients after infarction, and 14 patients with 
ventricular tachycardia or fibrillation after 
infarction. Accordingly, late potentials were 
defined as filtered (60-200 Hz) QRS complexes 
lasting 2110ms with a root mean square 
voltage in the last 40 ins of the QRS complex 
(RMS) of <10 uV in at least two adjacent 
electrocardiographic leads. 

We used the McNemar test for significance 
of changes? for statistical analysis of the dif- 
ference between the occurrence of late poten- 
tials on the first and subsequent signal averaged 
electrocardiograms. The Mann-Whitney U 
test was used to compare the distribution of 
QRS duration and RMS, in both groups. 


Results 

Table 2 shows the frequency of late potentials. 

Figures 1 and 2 show signal averaged electro- 

cardiograms with and without late potentials. 
The mean (SD) duration of the QRS com- 

plex was significantly shorter after successful 

reperfusion than in the control group in seven 


- out of 12 leads recorded within two days (for 


example in lead II 96 (8) v 101 (13) ms, p < 
0 05) and in 10 of 12 leads within 7—10 days (for 
example in lead II 99 (8) v 106 (19) ms, p < 
0-05). There were no significant differences in 


V1 filter RMS, 16 2pV 
QRS 94ms 
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RMS, between the groups. For example, in 


lead II RMS, was 19 (10) v 21 (14) uV within 
two days and 20 (10) v 19 (13) uV within 7-10 
days in the successful reperfusion and control 
groups respectively. No significant differences 
in QRS duration and RMS,, were found be- 
tween patients in whom thrombolysis was 
unsuccessful and the controls. 

In the first signal averaged electrocardio-~ 
gram (recorded within two days of infarction) 
the frequency of late potentials was similar in 
the thrombolysis and control groups (14:0% 
and 11:8% respectively). In the second signal 
averaged electrocardiogram (recorded within 
7-10 days) there was a significant increase in 
the frequency of late potentials among control 
patients (from 11:8% to 225%, p < 0-01), 
whereas the frequency of late potentials in the 
thrombolysis group remained at 14%. In 
patients showing successful reperfusion late 
potentials disappeared in two patients in the 
second signal averaged electrocardiogram 
while in two other patients late potentials were 
detected for the first time in the second (7-10 
days) signal averaged electrocardiogram re- 
cording. In patients in whom reperfusion was 
unsuccessful and in control patients late poten- 
tials recorded within two days were still present 
in the signal averaged electrocardiogram per- 
formed 7-10 days after the acute myocardial 
infarction. The difference in the frequency of 
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Thrombolysis and late potentials 


Fagure 2. Signal 
averaged 
electrocardiogram of six 
precordial leads in a 
patient who was not 
treated with thrombolytic 
agents Late potentials are 
clearly detected at the end 
of the filtered ORS 
complexes. The 
abnormally long ORS 
duration and low RMS, 
values are given for each 
lead 


V1 filter 


V2 filter 





V3 filter 





late potentials between patients in whom reper- 
fusion was successful or unsuccessful (10-4% v 
25-0°.) was not statistically significant (p = 
011). 


Discussion 

This study indicates that patients treated with 
thrombolytic agents within four hours of an 
acute myocardial infarction are “protected” 
from the increase in the frequency of late 
potentials that occurs in patients not treated by 
thrombolysis. Irwin et al and Volosin et al 
reported that late potentials that presented 
within a few hours of acute myocardial in- 
farction regressed within seven days of success- 
ful reperfusion.’ ® The difference with our 
observations may reflect differences in 
methods. Both groups’? performed the first 
signal averaged electrocardiogram earlier than 
we did, at a time when dynamic changes in the 
border zone of the acute myocardial infarction 
are likely. In addition, Irwin et al used RMS, 
<25 4V as the sole criterion for late potentials,’ 
while criteria for late potentials were not re- 
ported by Volosin et al.!° Like us, Gang et al 
found a reduced incidence of late potentials 
among successfully reperfused patients." 

To detect late potentials we averaged 12 
electrocardiogram leads filtered at a cut off of 
60 Hz by a non-recursive digital filter. This 
method differs from Simson’s technique, 
which is based on the orthogonal (XYZ) lead 
system, with a bidirectional filter at a cut off of 
40 Hz. Our own (unpublished) data and those 
of others? show a comparable or higher 
detection of late potentials with a multilead 
rather than a composite XYZ vector. A 60 Hz 
cut off is within the accepted range of filters 
used for the detection of late potentials.'* We 






100mm/s 
1 pV/mm 


sought an abnormal RMS, and QRS duration 
in two adjacent leads because we had never 
found these two features in two or more 
adjacent leads in healthy individuals. 

Our study indicates that thrombolytic treat- 
ment may enhance electrical stability, as re- 
flected by the decreased frequency of late 
potentials. The present study does not estab- 
lish whether this is an independent effect on 
the ventricular electrical characteristics or a 
result of enhanced myocardial salvage (shown 
by the higher left ventricular ejection fraction 
after successful reperfusion). This would 
require a long term study. Several studies 
showed fewer spontaneous severe arrhythmias 
and less inducibility of ventricular tachycardia 
by programmed ventricular stimulation in 
patients who had undergone thrombolytic 
treatment. ^!" Our data accord with these 
observations of increased electrical stability, 
which may be partly responsible for the en- 
hanced survival of patients who undergo 
thrombolytic treatment for acute myocardial 
infarction. 
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Sustained improvement in left ventricular 
function after successful coronary angioplasty 


R A Perry, A Singh, A Seth, E Jane Flint, A Hunt, R G Murray, M F Shiu 


Abstract 
The short and long term effects of suc- 
cessful percutaneous transluminal cor- 
onary angioplasty on left ventricular 
function at rest and on exercise were 
investigated in 49 patients. Thirty four 
had had no previous infarction (group 1) 
and 15 had (group 2). Technetium-99m 
gated blood pool images were obtained 
at rest and during exercise before, six 
weeks after, and a mean of fifteen 
months after successful angioplasty. 
Before angioplasty the mean (SD) ejec- 
tion fraction fell significantly on exercise 
in both groups from 58 (10)% to 53 (13)% 
in group 1 and from 48 (10)% to 40 (16)% 
in group 2. This change was paralleled by 
a worsening wall motion score (from 0'6 
(0-4) to 1-6 (1-2) in group 1 and from 2:3 
(1:9) to 3-3 (2:4) in group 2). Six weeks 
after the procedure there was little 
change in resting ejection fraction but it 
increased significantly on exercise (to 62 
(11I)% in group 1 and to 53 (13)% in 
group 2). There was a concomitant sig- 
nificant improvement in the exercise 
wall motion score (to 0'4 (0-6) in group 1 
and to 1:8 (1:1) in group 2). This im- 
provement in exercise ejection fraction 
and wall motion was maintained at later 
follow up with no significant deteriora- 
tion in either variable and a clearly sus- 
tained improvement in ejection fraction 
(60 (10)% in group 1 and 51 (10)% in 
group 2) and wall motion score (0:2 (0-2) 
in group 1 and 1:3 (0-8) in group 2) com- 
pared with values before angioplasty. 
The initial improvement in left ven- 
tricular function on exercise after suc- 
cessful angioplasty was maintained for 
at least 9-24 months both in patients 
with previous myocardial infarction and 
in those without. 


Coronary angioplasty is now a well estab- 
lished treatment for atheromatous coronary 
artery disease and has been shown to be 
efficacious in a wide variety of clinical circum- 
stances.*? A technically successful procedure 
was usually associated with an immediate 
improvement in patients’ symptoms, exercise 
tolerance, and myocardial perfusion.*> There 
was also evidence of a short term improve- 
ment in left ventricular function on exercise 
though there was little change in resting func- 
tion, 

Long term clinical and angiographic follow 


up of percutaneous transluminal coronary 
angioplasty is now well documented. There 
was a 30°, incidence of early restenosis, but a 
successful procedure was associated with last- 
ing relief of angina for up to eight years with a 
small percentage of patients developing new 
disease in other segments of the coronary 
circulation.” There are few studies of long 
term changes in left ventricular function after 
successful angioplasty. Kent and coworkers 
followed up 19 patients for six months after 
successful primary angioplasty and showed 
sustained improvement in left ventricular 
function on exercise over this period.© The 
long term benefits of angioplasty in patients 
who have poor resting left ventricular func- 
tion have not been specifically examined. 

We obtained gated blood pool images from 
58 patients at rest and during exercise before 
and six weeks after a successful angioplasty 
procedure. Those who remained symptom 
free (49) were reinvestigated by the same 
technique 9-24 months (mean 15 months) 
after the procedure to assess the long term 
changes in left ventricular ejection fraction 
and wall motion. The patients were analysed 
as two groups, according to whether or not 
they had sustained a previous myocardial 
infarction. We did this to study the benefits in 
patients with poor initial resting left ven- 
tricular function. 


Patients and methods 

PATIENTS 

A total of 58 patients underwent gated blood 
pool studies at rest and on exercise before and 
six weeks after a successful coronary angio- 
plasty procedure. In seven of these patients 
restenosis of the target vessel developed dur- 
ing the follow up: five had repeat angioplasty 
and two underwent coronary artery bypass 
grafting. New disease developed in one 
patient who then underwent grafting and one 
patient moved from the region and was lost to 
follow up. Thus of the original 58 patients 
there were 49 with no evidence of any cardiac 
event or clinical/angiographic evidence of re- 
stenosis who were followed up. All of them 
initially presented with chronic stable angina 
refractory to medical treatment. The mean age 
of the group was 54 years and the ratio of 
males to females was 5:1. Thirty four patients 
had no previous history of myocardial infarc- 
tion and fifteen had had previous Q wave 
infarction. Because the presence of previous 
infarction is likely to influence resting and 
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Age, sex, and target vessel n both groups of patients 


No previous MI Previous MI 
(group 1) (group 2) 
Number 34 15 
MF 61 41 
Age (mean) (yr) 52 56 
Target vessel: 
LAD 19 (56%) 11 (73%) 
RCA 12 (35%) 2 (14%) 
Cx 3 (9%) 2 (13%) 
Mulnvessel PTCA 5 0 


Cx, circumflex coronary artery; LAD, left anterior descending 
coronary artery; RCA, right coronary artery, PTCA, per- 
cutaneous translumma! coronary angioplasty 


exercise left ventricular function groups 1 and 
2 will be considered separately. 

The table shows the patients’ characteristics 
and target vessels. The two groups of patients 
share similar baseline characteristics. More 
patients in group 2 had disease of the left 
anterior descending coronary artery but this 
difference was not statistically significant. All 
the patients in group 2 underwent angioplasty 
to the infarct related vessel. Five patients in 
group 2 had a second vessel dilated. The mean 
percentage stenosis of the normal vessel 
diameter was 87% in group 1 and 82% in 
group 2. This was reduced to a mean value of 
15% in both groups after successful dilata- 
tion. 

Follow up gated blood pool studies were 
carried out a mean of 15 months after the 
angioplasty procedure (range 9-24 months) as 
described below. 


GATED BLOOD POOL STUDIES 

Three sets of radionuclide images were 
obtained at rest and on exercise in each 
patient. Antianginal medication, apart from 
sublingual nitrate, was stopped 48 hours 
before each investigation and patients atten- 
ded in a preabsorbtive state. Red cells were 
labelled in vivo with 740 mBq of technetium- 
99m pertechnetate 20 minutes after the 
administration of stannous chloride. Images 
were acquired with a Picker mobile gamma 
camera with a high sensitivity collimator elec- 
trocardiographically gated at 24 frames per 
cardiac cycle. Images at rest were obtained 
over 2 minutes with patients supine and the 
camera in the 30° left anterior oblique position 
with 5°-10° of caudal tilt to obtain maximal 
chamber separation with clear septal separa- 
tion of the right and left ventricles. The 
camera angles were noted and were repeated 
for any individual patient in subsequent 
studies. 

Graded exercise images were obtained with 
the patient in the same position on a bicycle 
ergometer, starting at 25 W and increasing by 
25 W until the onset of angina or to a maxi- 
mum of 100 W. Each exercise level was main- 
tained for three minutes to allow one minute 
to reach equilibrium and a 2 minute image 
acquisition period. At six week and long term 
follow up all but five of the patients were able 
to exercise to a higher level than at the initial 
investigation (40 to one 25 W increment and 
four to two 25 W increments). 

Data were analysed on a DEC 11 computer, 
and the global ejection fraction was calculated 
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at rest and maximum exercise by a semi- 
automated edge detection algorithm that com- 
pensated for a moving region of interest. A 
wall motion image was generated and dis- 
played on a closed loop cine. The left ventricle 
was divided into three regions of interest: free 
wall, apex, and septum. Each segment was 
graded from 0 to 4 where 0 = normal wall 
motion and 4 = frank dyskinesia. Images 
were examined by two experienced observers. 
Linear regression analysis of the interobserver 
scores gave correlation coefficients of 0:94 and 
0-85 for ejection fraction and wall motion 
analysis respectively. 


CORONARY ANGIOPLASTY 

Angioplasty was carried out by one of two 
principal operators via the transfemoral route 
in all patients. A steerable balloon system was 
used and patients were treated with aspirin 
(300 mg once a day), nifedipine (10 mg three 
times a day), isosorbide dinitrate (10 mg three 
tumes a day), intravenous nitrates, and heparin 
during the procedure. A successful procedure 
was defined as a reduction of the percentage 
stenosis to <50% of the diameter of the 
nearest normal vessel segment with no major 
complication such as myocardial infarction, 
emergency or elective coronary artery bypass 


grafting, or death. 


STATISTICAL ANALYSIS 

Values for the groups are expressed as mean 
(SD). Data at rest and on exercise before and 
after angioplasty were compared by Student’s 
paired ¢ test. Differences in baseline patient 
characteristics were evaluated by 7° testing. 
All statistical analysis was performed with the 
Minitab statistics package (Minitab, State 
College, Pennsylvania 16801). 


Results 
Figures 1 and 2 show the short and long term 
changes in left ventricular function. 


GROUP 1 

Before angioplasty the mean resting ejection 
fraction in patients without previous myocar- 
dial infarction was 58 (10)% and this fell on 
exercise to a mean of 53 (13) (p < 0-05). Six 
weeks after successful angioplasty the resting 
ejection fraction was unchanged (58 (8)%) but 
there was a significant rise in the exercise 
ejection fraction to 62 (11)%. These changes 
were paralleled by the changes in mean wall 
motion score—0-6 (0:4) and 1-6 (1-2) at rest and 
on exercise before angioplasty and 0-3 (0:4) and 
0-4 (0-6) after angioplasty. 

At long term follow up the mean resting 
ejection fraction was 53 (8)% and the 
improvement in mean exercise ejection fraction 
over values before angioplasty was maintained 
(60 (10)% (p < 0-002). At long term follow up 
the mean resting wall motion score was 0 2 (0-3) 
and on exercise it was 0-2 (0-2). 


GROUP 2 
The mean resting ejection fraction in patients 
with previous infarction (48 (10)% was lower 
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Sustained improvement in left ventricular function after successful coronary angioplasty 


Figure 1 Changes in 
mean (SD) ejection 
fraction before and after 
successful angioplasty and 
at long term follow up. 


Figure 2 Changes in 
mean (SD) wall motion 
score before and after 
successful angioplasty and 
at long term follow up. 
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E No previous MI (group 1) 
c Previous MI (group 2) 


* p<0.05 
xx p<Q-00! 





Rest Exercise Rest 
Before PTCA 


{6 weeks) 


than group 1 patients and fell significantly to 40 
(16)% (p < 0-001) on exercise. The resting 
ejection fraction rose to 52 (9)% after success- 
ful angioplasty but this change was not statis- 
tically significant. The mean exercise ejection 
fraction after angioplasty was 53% (13), which 
was significantly higher than the value before 
angioplasty (p < 0-001). The mean wall motion 
score before angioplasty was 2:3 (1-9) at rest 
and 3-3 (2:4) on exercise. The exercise score 
was significantly improved after angioplasty 
(1-8 (1-1) (p < 0-005). There was a fall in 
resting wall motion score that did not achieve 
statistical significance (1-8 (1:6)). 

At long term follow up the mean resting 
ejection fraction in these patients was 49 (7%) 
and the mean exercise ejection fraction was 51 
(10)%. Mean wall motion score at rest was 0-9 
(0:9) and 1-2 (0-9) on exercise. 


Discussion 

Though there have been various studies of the 
effect of percutaneous transluminal coronary 
angioplasty on left ventricular function in the 
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Soon after PTCA 
{6 weeks) 
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short term”? there are few data on long term 
follow up. In addition, these studies did not 
specifically examine different subsets of 
patients with differing degrees of impairment 
of left ventricular function. 

Our study confirms the findings of others 
that successful angioplasty improves left ven- 
tricular function during exercise at early follow 
up but has little effect on values at rest. As 
expected, patients with previous myocardial 
infarction had lower resting ejection fractions, 
higher wall motion scores, and their change on 
exercise before angioplasty was more striking 
than in patients with angina only. 

In group 2 there was a modest improvement 
in resting ejection fraction and wall motion 
score after angioplasty. There were, however, 
wide individual variations so as a group these 
changes were not statistically significant. It 
may be that in the patients who did show an 
improvement a component of their resting 
dysfunction was the result of “hibernating” 
myocardium at rest caused by a compromised 
coronary circulation with reduced metabolic 
activity of some still viable myocardium.’?” 


m No previous MI (group !}) 


O Previous MI (group 2) 


* p<0-05 
** p<0-001 


Rest Exercise 
Late after PICA 
(9-24months) 


280 


We have previously reported a case of substan- 
tial improvement in left ventricular function at 
rest and on exercise 1n a patient after successful 
dilatation of a severe subtotal left anterior 
descending stenosis. The peak exercise ejec- 
tion fraction and wall motion score after angio- 
plasty were significantly improved in group 2 
patients but the exercise response was still 
abnormal. In patients with no previous myo- 
cardial infarction (group 1) resting function did 
not improve but after a successful procedure 
the response to exercise was normal. 

The principal findings of this study are that 
the short term improvement in left ventricular 
ejection fraction and wall motion score in both 
groups of patients was maintained at least 9~24 
months later. Clearly these are selected patients 
who have no symptoms suggesting restenosis. 
Without routine repeat angiographic studies it 
is possible that some of the study patients had a 
degree of restenosis in the absence of symp- 
toms. It has been shown that 4% of symptom 
free patients have angiographic evidence of 
restenosis. This may account for the slightly 
lower mean resting ejection fraction in the 
group without infarction. Five patients, two in 
group 1 and three in group 2, showed a 
significantly abnormal exercise response at 
long term follow up but they had also shown an 
abnormal response at six week follow up. All 
five had repeat angiography on the basis of the 
technetium scan despite the absence of symp- 
toms but none showed angiographic evidence 
of restenosis. Radionuclide ventriculography at 
rest and on exercise was used to identify 
patients with restenosis but the predictive 
value of the test in all patients, with and 
without symptoms, was 73%." 

In the patients with previous myocardial 
infarction the tendency towards an improved 
wall motion score continued beyond six weeks. 
This may be due to long term improved 
perfusion of previously hibernating myocar- 
dium but the results from this study are not 
conclusive. Evaluation of the changes in wall 
motion in a single projection should be viewed 
with caution; the change was small and did not 
reach statistical significance. It is encouraging 
that these patients with compromised left ven- 
tricular function did not deteriorate in the long 
term. 
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After successful coronary angioplasty the 
improvement in left ventricular ejection frac- 
tion and wall motion score, as assessed by 
radionuclide studies at rest and on exercise, was 
maintained at a mean long term follow up 
period of 15 months. This was true both of 
patients with previous infarction and of those 
without. In patients with infarction resting 
function was abnormal. Long term clinical 
success at angioplasty was paralleled by long 
term functional improvement in these indices 
of left ventricular function. 
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Mechanism of the increased ventilatory response 
to exercise in patients with chronic heart failure 


N P Buller, P A Poole-Wilson 


Abstract 

Minute ventilation, respiratory rate, and 
metabolic gas exchange were measured 
continuously during maximal symptom 
limited treadmill exercise in 30 patients 
with stable chronic heart failure. The 
ventilatory response to exercise was 
assessed by calculation of the slope of the 
relation between minute ventilation and 
rate of carbon dioxide production. There 
was a close correlation between the 
severity of heart failure, determined as 
the maximal rate of oxygen consumption, 
and the ventilatory response to exercise. 
Reanalysis of the data after correction for 
ventilation of anatomical dead space did 
not significantly weaken the correlation 
but reduced the slope of the relation by 
approximately one third. These results 
show that the increased ventilatory 
response to exercise in patients with 
chronic heart failure is largely caused 
by mechanisms other than increased 
ventilation of anatomical dead space. 
This finding supports the concept that 
a significant pulmonary ventilation/ 
perfusion mismatch develops in patients 
with chronic heart failure and suggests 
that the magnitude of this abnormality is 
directly related to the severity of chronic 
heart failure. 


Patients with chronic heart failure show an 
increased ventilatory response to exercise. 
The size of this abnormality is related to the 
severity of chronic heart failure.?* It has 
also been established that patients with 
uncomplicated chronic heart failure maintain 
essentially normal arterial blood gas concentra- 
tions, both at rest and during exercise.” 
Consequently the increased ventilatory 
response that accompanies exercise is hyper- 
pnoea and not hyperventilation, because 
hyperventilation, by definition, would cause a 
fall in the arterial concentration of carbon 
dioxide. 

The mechanisms responsible for exercise 
hyperpnoea in patients with chronic heart 
failure are poorly understood. Commonly the 
hyperpnoea is attributed to an increased 
ventilation of anatomical dead space secondary 
to an altered relation between tidal volume and 
respiratory rate.’ This greater dependence on 
increasing respiratory rate rather than on tidal 
volume during exercise in patients with chronic 
heart failure is claimed to minimise respiratory 
work in the presence of “‘stiff”’ lungs. Recently, 


it has been suggested that an additional cause of 
hyperpnoea is an increase in physiological dead 
space’* secondary to a ventilation/perfusion 
mismatch è The aims of the present study were, 
first, to determine the relative contributions 
of these two mechanisms to the measured 
ventilatory response during exercise in patients 
with chronic heart failure; and, second, to 
relate the measured ventilatory response 
during exercise to the maximum rate of oxygen 
consumption where the maximum rate of 
oxygen consumption was regarded as an 
indicator of the severity of heart failure. 


Patients and methods 

We studied 30 patients (mean age 53 years 
(range 30-69); 28 men) with stable chronic 
heart failure. Heart fatlure was caused by 
ischaemic heart disease in 19, by dilated car- 
diomyopathy in eight, and followed replace- 
ment of the aortic valve in three. All patients 
had been in heart failure for more than 6 
months. No patient had had an acute coronary 
event in the preceding three months. All 
patients were in sinus rhythm. All were being 
treated with diuretics and none was receiving f 
antagonists. No patient had signs or symptoms 
suggestive of primary lung disease; formal 
respiratory function tests were not performed. 

Exercise testing was performed according to 
the standard Bruce protocol with the addition 
of a stage 0 (1 mph (1-6 km/h) at 5% gradient). 
The exercise laboratory was air conditioned 
with room temperature maintained in the range 
20-21°C. All patients were familiar with tread- 
mull exercise and measurement of respiratory 
gas exchange. Patients continued their normal 
medication on the day of exercise testing, and 
all tests were performed at least three hours 
after meals. 

Minute ventilation, the rate of oxygen 
consumption, and the rate of carbon dioxide 
production were measured continuously by the 
method of Davies and Denison.’ Validation 
and reproducibility of this method in our 
laboratory have been detailed in an earlier 
paper.’ In brief, patients were required to 
breathe through a two way respiratory valve 
(Collins) held by an adjustable head support. 
The expiratory port was connected via flexible 
tubing to a 7 1 mixing box (Airspec). Argon was 
added to the inlet port of the mixing box at a 
constant flow rate. After full mixing the 
resultant gas mixture was continuously 
analysed by a mass spectrometer (Airspec 
20MGE). The analogue output from the mass 
spectrometer was fed to the analogue to digital 
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input channels of a microcomputer (BBC 
model B). Analogue to digital conversions were 
performed every 200 ms for each of the four 
channels (nitrogen, oxygen, carbon dioxide, 
and argon). Every 30 s a mean value for each 
channel was calculated, and from these mean 
values minute ventilation, the rate of oxygen 
consumption, and the rate of carbon dioxide 
production were derived. Values were correc- 
ted for atmospheric pressure, laboratory 
temperature, water vapour pressure, and body 
weight. We calculated the rate of oxygen con- 
sumption in ml/min/kg at standard temper- 
ature and pressure (dry) (STPD), the rate of 
carbon dioxide production in ml/min/kg 
STPD, and minute ventilation as l/min at body 
temperature, pressure, and saturation (BTPS). 

The respiratory rate was determined from a 
continuous recording of the temperature vari- 
ation at the mouth obtained from a thermistor 
mounted inside the respiratory valve. Compu- 
tation of minute ventilation was corrected for 
the dead space of the two way respiratory valve 
(98 ml). 

Anatomical dead space was calculated for 
each patient using the formula: 

Anatomical dead space = weight x 2-2 + age 
where weight and age are measured in 
kilograms and years respectively.” 

Patients were encouraged to exercise until 
symptoms were intolerable. After each exercise 
test the ventilatory response to exercise was 
calculated. The total ventilatory response was 
determined as the slope of the relation between 
minute ventilation and the rate of carbon 
dioxide production. The alveolar ventilatory 
response was determined as the slope of the 
relation between alveolar ventilation (minute 
ventilation less the product of anatomical dead 
space and respiratory rate) and the rate of 
carbon dioxide production. Both values were 
obtained by the method of least squares linear 
regression. 

+ The maximal rate of oxygen consumption 
(Vo, max) was defined as the rate of oxygen 
consumption at peak exercise. 


Results 

All exercise tests were performed without com- 
plication. The lumiting symptom in all patients 
was breathlessness. Vo, max ranged from 8-7 
mg/kg/min to 191 ml/kg/min indicating 
moderate to severe heart failure. The relation 
between minute ventilation and the rate of 
carbon dioxide production was linear in all 
patients by visual inspection and the correla- 
tion coefficient was r = 0-98 (0-04) mean (SD). 
Figure 1 shows the raw data obtained from 
three patients. The last few points in the patient 
with the steepest slope in figure 1 do deviate 
from a linear relation. There is scatter of the 
last points in the other two patients illustrated. 
These small deviations from linearity do not 
materially affect the correlation coefficient or 
the calculation of the slope. The slope of the 
relation between minute ventilation and the 
rate of carbon dioxide production (total ven- 
tilatory response) was related to the severity of 
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chronic heart failure. Figure 2 shows the rela- 
tion between Vo, max and total ventilatory 
response for all patients (r = 0-86, slope 
= —032, p < 0-001). Figure 3 shows the 
relation between Vo, max and alveolar ven- 
tulatory response (r = 0°85, slope = —0-21, 
p < 0001). ae 
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Figure 1 Example of the relation between minute 
ventilation and the rate of carbon dioxide production for 
three patients unth chromc heart failure of differing 
severity. 
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Figure 2 Relation between the total ventilatory response 
to exercise and the severity of chronic heart failure 
(measured as Vo, max) for all 30 patients. 
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Figure 3 Relation between the alveolar ventilatory 
response to exercise and the severity of chrome heart 
failure (measured as Vo, max) for all 30 patients. 
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Discussion 

Our results show that in patients with heart 
failure the relation between total minute 
ventilation and the rate of carbon dioxide 
production is almost linear (fig 1). The slope of 
this relation is inversely related to the peak 
oxygen consumption on exercise (fig 2). There 
is a similar but less steep relation between peak 
oxygen consumption and the slope of the 
relation between alveolar ventilation and 
carbon dioxide production (fig 3). 

The measurement of Vo, max is now well 
established as an objective and reproducible 
index of the limitation of exercise capacity in 
patients with chronic heart failure and is a 
measure of the severity of heart failure.” Thus 
the ventilatory response to exercise 1s also an 
indicator of the severity of heart failure. The 
only previous study to show such a correlation 
in individual patients was that of Fink et al.‘ 
They studied bicycle exercise and found an 
inverse correlation (r =  —0-59, p < 0-01) 
between Vo, max and a derived value of minute 
ventilation at a rate of carbon dioxide pro- 
duction of 1 I/min. The higher correlation 
coefficient in the present study (r = —0-86, 
p < 0001) may reflect chance variation or, 
alternatively, may result from the use of 
treadmill rather than bicycle exercise. Bicycle 
exercise is associated with lower values for Vo, 
max’? and a frequent limiting symptom of 
fatigue rather than breathlessness.‘ Indeed, 
Wilson et al in a more recent study conclude 
that “bicycle exercise cannot be used to 
measure Vo, max”.? 

With regard to the mechanisms of exercise 
hyperpnoea in patients with chronic heart 
failure, our results show that correction for 
ventilation of anatomical dead space only 
reduced the gradient of the relation between 
ventilatory response and Vo, max by 
approximately one third. In consequence, we 
conclude that an altered respiratory pattern in 
patients with severe chronic heart failure only 
accounts for approximately one third of the 
increased exercise hyperpnoea seen in patients 
with heart failure (compare, for example, 
ventilatory response at a maximum rate of 
oxygen consumption of 10 ml/min/kg in figs 2 
and 3). Arterial blood gas tensions were not 
measured, but, assuming these remained con~ 
stant,” the results must also imply that 
approximately two thirds of the exercise 
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hyperpnoea is due to an increased physiological 
dead space, and consequently a significant 
ventilation/perfusion mismatch. Our results 
further indicate that the magnitude of this 
abnormality is directly related to the severity of 
chronic heart failure as assessed by peak oxygen 
consumption on exercise." 

As in earlier studies’ * we found a close linear 
correlation between minute ventilation and the 
rate of carbon dioxide production during exer- 
cise in patients with chronic heart.failure. The 
demonstration that the slope of this relation in 
individual patients was closely related to the 
severity of chronic heart failure suggests the 
possibility that this measurement may provide 
a simple and objective measure of severity of 
chronic heart failure. This measurement can be 
obtained without the patient being required to 
perform maximal exercise. A consequence is 
that obtaining the measurement is less un- 
pleasant to the patient and not dependent on 
encouragement of the patient in the last few 
moments of an exercise test. The measurement 
1s ideally suited to repeated evaluation. 
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Post-extrasystolic potentiation without a 
compensatory pause in normal and diseased hearts 


Paul J P Kuijer, Tjeerd van der Werf, Frits L Meijler 


Abstract 

Variables derived from left ventricular 
volume were used to study post-extra- 
systolic potentiation. Left ventriculo- 
grams were obtained from 11 healthy 
individuals and 49 patients with coronary 
heart disease (30 with a previous myo- 
cardial infarction and 19 without any 
signs of myocardial damage). Post- 
extrasystolic potentiation was induced by 
a regularly driven right atrial rhythm 
that was interrupted by one atrial 
extrasystole in such a way that the 
post-extrasystolic RR interval was kept 
equal to the basic RR interval. The left 
ventricular end diastolic volumes of the 
pre-extrasystolic and post-extrasystolic 
beats were equal. In all groups there was 
evidence of post-extrasystolic potentia- 
tion in one or more of the indices of left 
ventricular function (ejection fraction, 
mean normalised systolic ejection rate, 
end systolic volume, and stroke volume). 
Potentiation was especially evident in 
patients with left ventricular damage; 
this suggests that a compensating 
mechanism is an intrinsic property of the 
myocardium. 

The Frank-Starling mechanism does 
not contribute to the increased perfor- 
mance of the post-extrasystolic beat in 
normal individuals or in patients with 
coronary artery disease. 


Acentury ago Langendorff found that the force 
of contraction was stronger in the beat that 
followed an extrasystole.! Hoffman et al called 
this phenomenon post-extrasystolic poten- 
tiation.? Cohn in an editorial cited several 
investigators? and attributed post-extrasystolic 
potentiation in vivo to the prolonged pause that 
follows the extrasystole, which would lead to 
increased ventricular filling,~® and reduced 
aortic impedance (resulting from a decline in 
aortic pressure during that compensatory 
pause).’ A third mechanism, which was seldom 
taken into account, is the phenomenon called 
“rest contraction”. This phenomenon, 
which is part of the so-called restitution 
curve,'' is present after a compensatory pause. 

Sung et al showed post~extrasystolic 
potentiation in healthy individuals without an 
increased end diastolic volume as a contribut- 
ing factor. Wisenbaugh et al found evidence 
of post-extrasystolic potentiation without an 
increased post-extrasystolic end diastolic 
volume in patients with volume overload 


caused by chronic valve regurgitation.” In 
these studies the consequence of the compen- 
satory pause—that is the effect of the “rest 
contraction”——on the size of the post-extra- 
systolic beat was not taken into account. 

Van der Werf et al showed that human post- 
extrasystolic potentiation can be elicited with- 
out a compensatory pause.’* They provoked 
controlled post-extrasystolic potentiation by 
altering the RR interval and by use of pressure- 
derived indices of contractility in normal and 
diseased hearts. 

We used volume derived indices to investi- 
gate post-extrasystolic potentiation after a 
post-extrasystolic RR interval without a 
compensatory pause in healthy individuals and 
in patients with coronary heart disease. 


Patients and methods 

PATIENTS 

We studied 60 patients. Each patient gave 
informed consent. The patients were divided 
into three groups: 11 with atypical chest pain, 
normal coronary arteries, and normal left 
ventricular pressure and volumes (group 1); 19 
patients with typical angina pectoris without 
evidence of previous myocardial infarction 
(group 2); and 30 patients with enzymatic and 
electrocardiographic evidence of an earlier 
transmural myocardial infarction (group 3). 
We excluded patients with other forms of 
cardiac disease and patients who had had 
cardiac surgery. 


STIMULATION PROCEDURE 

We used a computed controlled stimulator to 
ensure that the duration of the post-extrasys- 
tolic RR interval was equal to the basic RR 
interval.'* The stimulation pattern was applied 
to the right atrium in such a way that variations 
in atrioventricular nodal delay caused by 
changes in the extrasystolic PR interval were 
compensated for. A test series of atrial 
stimulation pulses was generated and RR 
intervals were measured on line by computer. 
PR intervals were measured and atrial stimulus 
intervals were corrected by iteration so that the 
length of the post-extrasystolic RR interval was 
equal (inaccuracy < 1%) to that of the pre- 
extrasystolic cardiac cycle (figure). A stimula- 
tion series consisted of 20 basic intervals 
interrupted by one extrasystolic interval. The 
post-extrasystolic beat (P) was compared with 
the pre-extrasystolic or control beat (C). 


QUANTITATIVE LEFT VENTRICULOGRAPHY 
Left ventriculography (50 frames) was 
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Schematic presentation of the stimulation procedure used Time intervals between stimulation spikes (S), P waves, and 
R waves are shown in ms After 20 basic stimuli a shorter stumulus-strmulus interval (375 ms) was applied resulting tn 
an RR interval of 415 ms (B) The difference between the RR interval and the sttmulus-stimulus interval is caused by 
prolongation of the PR interval preceding the extrasystole To correct for this prolongation, the post-extrasystohic 
stumulus-strmulus interval was chosen in such a way (630 ms) that it results in a post-extrasystohc RR interval (A 0) 


equal to the bastc interval (A 20) 


performed in the frontal and left lateral projec- 
tion after injection of 40-56 ml metrizoate 
(Isopaque). The pulse for each cineframe was 
recorded on paper together with the electro- 
cardiogram. We chose the peak of the R wave 
to mark end diastole. End systole was more 
difficult to identify, particularly in patients 
with coronary heart disease.” The frame taken 
80 ms before the opening of the mitral valve 
was taken as end systole. The end diastolic 
and end systolic ventricular silhouettes were 
traced by hand and biplane left ventricular 
volumes were calculated by Dodge’s area- 
length method.'* Stroke volume, ejection frac- 
tion, and mean normalised systolic ejection rate 
were calculated from the volumes. The ejection 
rate was calculated by dividing the stroke 
volume by the duration of the ejection period. 
Because Van der Werf et al found no significant 
difference in end diastolic aortic pressure be- 
tween pre-extrasystolic and post-extrasystolic 
beats, using an identical stimulation protocol," 
we did not measure aortic pressures in our 
study. Data are presented as mean (SD). 

We used the Wilcoxon matched pairs signed 
ranked method for statistical analysis. 
Differences between groups were regarded as 
significant when p was <0-05. 


INTRA-OBSERVER VARIABILITY 

End diastolic and end systolic volumes were 
calculated twice by the same investigator at an 
interval of dbout3 months (table 1). The degree 
of intra-observer variability was affected by the 
stage (end diastolic or end systolic) at which the 
volume was measured. Nevertheless, the first 
and second determination at both end systole 
and diastole were not statistically different 
(Student’s paired zt test) (p < 0 05). 


Results 
Table 2 shows the calculated ventricular 
volumes and derived functional indices ın the 
three groups of patients. There was no statis- 
tically significant difference between the left 
ventricular end diastolic volume of the post- 
extrasystolic (P) beat and the control (C) beat in 
all three groups. The only pre-extrasystolic 
values that were significantly different from 
those in the controls were the increased end 
diastolic and end systolic volumes and de- 
creased ejection fraction found in group 3. 
Although the end diastolic volume preceding 
the post-extrasystolic beat was unchanged and 
the contribution of a compensatory pause was 
excluded, several indices of left ventricular 
function indicated enhanced performance of 


Table! Intra-observer variability of end diastolic and end systolic volumes measured twice by the same investigator 


at an interval of 3 months 








Coeffictents of 
Volume n Mean Dufference* SD Correlation (r) Vananon (%)t 
End diastolic 53 77 053 54 098 7 
End systolic 36 42 0 94 71 096 17 
*Mean difference between the first and the second deterounations 
SD 
t x 100%, 
mean 


The first and second determinations of end diastolic and end systolic volumes were not significantly different 
Table 2) Mean (1 SD) calculated ventricular volumes and derived functional indices 





Group I (n = 11) Group 2 (n = 19) Group 3 (n = 30) 


Pre Post Pre Past Pre Post p 








Ejecuon fracuon 0 64 (0 10) 066(0 10)p < 005 0 64 (0 10) 0 66 (0 13) 0 46 (0 12) 0 52 (0 13) <005 
MNSER 147 (35) 150 (38) 153 (39) 164 (44) p < 005 142 (44) 166 (65) <005 
End systolic volume 24 (8) 23 (9) 25 (12) 24 (14) 51 (23) 45 (22 <0 05 
Stroke volume 40 (6) 42 (6) p < 005 43 (9) 45 ug 40 (11) 46 (14 <0 05 
End diastolic volume 64 (8) 66 (9) 68 (17) 69 (17) 91 (24) 91 (26 
Basic interval (ms) 754 (60) 734 (58) 750 (78) 
Extrasystolic 

interval (ms) 546 (81) 533 (71) 559 (76) 
Extrasystolic x 100 

basic 72 (5) 72 (6) 
73 

Age (yr) 500 (8) 524 (7) 50 9 (10) 


MNSER, mean normalised systolic eyection rate. 
There was strong evidence of potentiation in all four systolic variables in the group of patients with documented transmural myocardial infarction (group 3). 
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that beat (table 2). In the post-extrasystolic 
beat the end systolic volume was decreased; 
ejection fraction, mean normalised ejection 
rate, and stroke volume were increased sig- 
nificantly in group 3. Thus the degree of 
potentiation was greatest in the group with pre- 
existing left ventricular dysfunction. In con- 
trast, the potentiation effects in groups 1 and 2 
were slight or absent (table 2). 


Discussion 

We found that volume derived variables 
indicated little or no _ post-extrasystolic 
potentiation of left ventricular performance in 
controls and in patients with coronary heart 
disease without myocardial infarction. In these 
two groups only one of the three indices of left 
ventricular performance indicated the presence 
of post-extrasystolic potentiation. In patients 
with previous myocardial infarction, however, 
potentiation was evident in all the measured 
indices and reference values for left ventricular 
function were abnormal (table 2). This poten- 
tiation was independent of preload—as it was in 
healthy individuals in an earlier study” and in 
animals.” Potentiation may be attributed to an 
increased contractile reserve in non-infarcted 
areas, which compensates for the loss of 
contractile power in the infarcted myocardium. 
Van der Werf et al reported post-extrasystolic 
potentiation of the left ventricular performance 
when they used the same stimulation protocol 
in healthy individuals and in patients with 
coronary heart disease without infarction.“ 
They were studying pressure derived variables, 
and they too found no significant difference 
between the preloads of the post-extrasystolic 
beats and the pre-extrasystolic beats. 

In most studies!” the contribution of the 
prolonged pause after an extrasystole to the 
enhanced myocardial contractile performance 
was attributed to an increase in end diastolic 
volume and an increase in the active state 
mediated ‘by calcium.”! These two effects were 
avoided in the present study by preventing 
augmented diastolic filling and by keeping the 
post~-extrasystolic interval equal to the basic 
interval. So the Frank-Starling mechanism” 
and/or “rest contraction”*"° do not necessarily 
participate in or contribute to the increase of 
the post-extrasystolic contraction. 

The role of the compensatory pause and its 
contribution as part of the interval-force 
relation to the increased performance of the 
post-extrasystolic beat has been overlooked by 
many investigators of post-extrasystolic poten- 
tiation. 12131202324 Tn these studies the 
so-called post-extrasystolic beat is a beat 
potentiated by the prepreceding shorter 
interval and at the same time augmented by the 
longer mterval that immediately preceded it.* 
Sung et al showed post~extrasystolic potentia- 
tion with a compensatory pause in healthy 
individuals—as in our study without an 
increased left ventricular volume.’* Compar- 
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ison of the results of this study with ours 
emphasises the contribution of the prolonged 
pause after the extrasystole to the increase in 
the force of the post-extrasystolic beat. 

Our study of volume derived indices showed 
that post-extrasystolic potentiation of the left 
ventricle did not depend on the preload. Our 
results suggest that the Frank-Starling 
mechanism is not involved in post-extrasystolic 
potentiation in normal and diseased human 
hearts. 
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Hypertrophic cardiomyopathy without 
hypertrophy: two families with myocardial 
disarray in the absence of increased myocardial 


mass 


W J McKenna, J T Stewart, P Nihoyannopoulos, F McGinty, M J Davies 


Abstract 

Two families are described in which 
individuals showed widespread myocar- 
dial disarray at histological examination, 
in the absence of macroscopic cardiac 
hypertrophy. In one family the clinical 
presentation was that of sudden unexpec- 
ted cardiac death in four family mem- 
bers; members of the other family pre- 
sented with electrocardiographic re- 
polarisation changes and abnormalities 
of left ventricular diastolic function. 

The finding of myocardial disarray, the 
characteristic histological abnormality 
of hypertrophic cardiomyopathy, in the 
absence of increased cardiac mass sug- 
gests a wider range of abnormality in 
hypertrophic cardiomyopathy than is 
currently recognised. 


The most characteristic abnormalities of 
hypertrophic cardiomyopathy are an increase 
in ventricular muscle mass with myocyte 
hypertrophy and disarray.’? The criteria for 
the diagnosis of hypertrophic cardiomyopathy 
and the nomenclature for its description have 
expanded since Teare’s original description of 
these abnormal features.'* 

In the 1960s the diagnosis relied on clinical 
and haemodynamic features of a left ventricular 
outflow tract pressure drop (hypertrophic obs- 
tructive cardiomyopathy, idiopathic hypertro- 
phic subaortic stenosis, muscular subaortic 
stenosis)’ ’ 7; it is now known that only about 
35°, of patients have left ventricular outflow 
tract pressure differences at rest. The develop- 
ment of M mode echocardiography in the 
1970s permitted the visualisation of the 
interventricular septum and the posterior left 
ventricular wall at mitral valve level.” M mode 
echocardiography confirmed earlier observa- 
tions and led to the assertion that asymmetrical 
septal hypertrophy was the pathognomonic 
feature of the condition.’ Asymmetrical septal 
hypertrophy is seen in 60-70% of patients with 
hypertrophic cardiomyopathy but it is also 
found in other patient groups.’ Currently the 
clinical diagnosis of hypertrophic car- 
diomypathy is based on the demonstration of 
unexplained left ventricular hypertrophy when 
the entire heart is visualised by cross sectional 
echocardiography.'! ? 

The extent of myocyte disarray is now regar- 


ded as a specific histological marker of hyper- 
trophic cardiomyopathy. In normal hearts the 
mean proportion of the septum with disarray is 
1-5°,; in hypertrophic cardiomyopathy dis- 
array is found in 30% of the total tissue area.” 4 
The histological appearances of disarray are 
classified as type I—in which the myocytes are 
predominantly cut longitudinally—and type 
IJ—in which the myocytes are cut transversely. 
The degree of disarray on histological slides is 
expressed as a proportion of the total area cut 
longitudinally or transversely, and the largest 
percentage is used to indicate the amount of 
disarray.” " 

We report two families with myocyte dis- 
array but no increase in cardiac mass. These 
families raise questions about the appropriate- 
ness of current nomenclature and highlight 
potential limitations of current diagnostic 
criteria. 


Clinical and pathological details 

FAMILY A 

This family came to attention because of a 
strong history of premature sudden death. The 
proband (case 1) died at the age of 38 years with 
no previous history of cardiac disease. Her 
daughter (case 2), sister (case 3), and nephew 
(case 4) (aged 21, 42, and 17 years respectively) 
also died suddenly and unexpectedly without 
any previous history to suggest cardiac abnor- 
mality (fig 1). 

Necropsy was performed on all 4. Table 1 
gives detailed pathological information. The 
macroscopic appearances of the hearts were 
normal. Heart weights were not increased; 
cavity size and ventricular wall thickness were 
normal. Histological assessment, however, 
showed widespread interstitial fibrosis with 


54 


21 23 17 21 14 


Figure 1 Pedigree of famly A. Solid symbols represent 
affected individuals Age at death or diagnosisus shown. 
Paes aon ae 
3 
A 
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Figure 2 (a) 
Disorgamsation of cardiac 
muscle cells that are 
aligned obliquely (type I) 
to each other fornung 
tangled masses (case 1}. 
(b) Disorgamsation 
showing whorled 
arrangement (type I) of 
cardiac muscle cells around 
a central focus of 
connective tissue (case 1) 
(c) Disorgamsation in 
which bundles of cardiac 
muscle cells are arranged 
at oblique angles (type I) 
(case 2) (d) 
Disorgamssatton with 
narrow bands of 
longitudinally (type IT) 
arranged myocytes 
alternating with 
transversely cut myocytes 
(case 3). 
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Table 1 Results of pathological examunation in five indrviduals showing considerable myocardial disarray 











Patient Age|sex Cause of death Heart werght (g) LV mass {g} RV mass (g) Disarray (% 9) 
Family A 

1 38/F SCD 374 — — 613 

2 21/F SCD 292 136 42 328 

3 42/F SCD 5 — — 360 

4 17/M SCD 341 163 47 470 

Family B 

5 44/F MI 325 164 44 256 


LV, left ventricular, MI, myocardial infarcuon, RV, nght ventricular, SCD, sudden cardiac death 


type I disarray in three (myocytes predomin- 
antly cut longitudinally). In patient 3 there was 
diffuse fibrosis with 36% disarray on trans- 
verse section (type IT) in the only tissue sample 
available for review from the original necropsy 
(fig 2). 

The three surviving first degree relatives 
were symptom free. Two were willing to be 
assessed. Clinical examination was normal in 
both, and in one the electrocardiogram and 
cross sectional echocardiogram were also 
normal. In the surviving daughter (case 6) of 
the proband, however, the resting electrocar- 
diogram was abnormal, and fulfilled voltage 
criteria for left ventricular hypertrophy, with 
associated widespread abnormalities of re- 
polarisation. This woman provides an oppor- 
tunity to study her family’s cardiac abnor- 
mality in life. Her cross sectional echocar- 
diogram showed normal cavity size, wall thick- 
ness, and functional indices (left ventricular 
end systolic dimension 26 mm, left ventricular 
end diastolic dimension 40 mm, interventric- 
ular septal thickness 9 mm, posterior left ven- 
tricular wall thickness 9 mm) (fig 3). She 
exercised for 12 minutes of a standard Bruce 
protocol; her heart rate increased from 60 to 
167 beats/min, with maximal oxygen consump- 
tion (Vo, max) of 40 ml/kg/min (100% of her 
predicted maximum). The T wave inversion in 
the anterior chest leads of the resting elec- 
trocardiogram became normal during exercise. 
The blood pressure response to exercise, 


however, was abnormal; the resting systolic 
pressure was 100 mm Hg, it rose early during 
exercise to 125 mm Hg, and fell to 90 mm Hg 
at peak exertion. The control of the peripheral 
vasculature, investigated by forearm plethys- 
mography during supine bicycle exercise, was 
abnormal with an increase in forearm blood 
flow indicating inappropriate and generalised 
vasodilatation. A high gain signal averaged 
electrocardiogram did not show late potentials 
and there were no arrhythmias during repeated 
48 hour electrocardiographic monitoring. The 
findings on left and right cardiac catheterisa- 
tion (including filling pressures) were normal 
and there was no resting or inducible outflow 
tract gradient in the left or right ventricle. At 
electrophysiological study the basic conduction 
intervals were normal and there was no evi- 
dence of an accessory atrioventricular pathway 
or of accelerated atrioventricular nodal con- 
duction. Atrial vulnerability was assessed by 
high rate burst pacing and extrastimuli, and 
ventricular vulnerability by programmed 
stimulation to stage 8 of the Wellens protocol 
(drive cycle 420 ms and 2 extrastimuli), but 
tachycardia was not initiated. 

She was treated with low dose amiodarone 
(200 mg daily, plasma concentration 0-8 mg/l), 
and has remained well during four years of 
follow up. 


FAMILY B 
In this farnily the proband (case 5) died of 





Hypertrophic cardiomyopathy without hypertrophy: two familtes with myocardial disarray in the absence of increased myocardial mass 


Figure 3 Cross sectional 
echocardiogram and 12 
lead surface 


electrocardtogram of case 6 


(family A) 


Figure 4 Pedigree of 
Jamly B Solid symbols 
represent affected 
individuals, Age at death 
or diagnosis 1s shown. 
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myocardial infarction after coronary arterio- 
graphy in 1979. She had a 5 year history of 
paroxysmal atrial fibrillation and an abnormal 
resting electrocardiogram showing atrial over- 
load, voltage criteria of left ventricular hyper- 
trophy, and widespread repolarisation abnor- 
malities Six months before her death she 
started to complain of chest tightness and 
dyspnoea on exertion, which were relieved by 
rest and sublingual glyceryl trinitrate. M mode 
echocardiography at that tıme showed a small 
left ventricle (end diastolic dumension 41 mm, 
end systolic 29 mm) with wall thickness at the 
upper limit of normal (interventricular septum 
12 mm, posterior left ventricular wall 13 mm), 
and a restrictive filling pattern. The left atrial 
dimension was also at the upper limit of normal 
(40 mm). Left ventricular cmeangiography 
showed normal systolic function and coronary 
arteriography showed some irregularity of the 
left main stem coronary artery. During the next 
6 months she had progressive angina despite 
treatment with propranolol, nitrates, and 
verapamil. At restudy when the right coronary 
arteriogram was performed (before cannula- 
tion of the left coronary artery) the entire left 
coronary system was seen to fill retrogradely. 
After this she suffered an extensive anterior 
myocardial infarct and died 24 hours later in 
cardiogenic shock. 

The clinical diagnosis was severe stenosis of 
the left main stem coronary artery. At necropsy 


67 67 


fi 4b 37 


24 15 18 16 11 7 


a small plaque of coronary atheroma was found 
in the proximal left main stem coronary artery; 
there was no significant atheroma elsewhere in 
the coronary tree. The infarct that caused her 
death was assumed to have been caused by 
spasm at the site of the plaque ın her left main 
coronary artery. Otherwise the heart was 
macroscopically normal, apart from unusual 
rigidity of the atria, and weighed 325 g (normal 
for her body weight). Histological examination 
showed extensive interstitial fibrosis of the 
atria with obliteration of the sinoatrial node. 
The ventricular myocardium showed less 
pronounced fibrotic changes but severe 
myocyte disarray (25-6°, type I). 

Eight first degree relatives of this patient, all 
of whom were symptom free, were assessed (fig 
4). Four had abnormal electrocardiograms and 
cross sectional echocardiograms. All four 
showed abnormalities of ventricular repolarisa- 
tion on the resting 12 lead electrocardiogram; 
atrial fibrillation was also seen in one, and left 
or right atrial overload or both was seen in the 
other three. The echocardiograms ın these four 
patients showed normal heart size, ventricular 
cavity dimensions, and ventricular wall thick- 
ness. The ventricular filling patterns, however, 
showed a phase of early rapid filling that 
stopped abruptly in mid-diastole. In addition, 
the echocardiogram confirmed the presence 
of atrial enlargement in three of these four 
(table 2). 


Discussion 

Famulial hypertrophic cardiomyopathy shows a 
mendelian autosomal dominant pattern of 
inheritance.” The pattern of inheritance in the 
two families described is consistent with 
autosomal dommance—if one accepts that the 
survivors with  electrocardiographic or 
echocardiographic abnormalities or both have 
the same condition as those examined at 
necropsy. 
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Table 2 Chmcal details of surviwing farmly members 


McKenna, Stewart, Nthoyannopoulos, McGinty, Davies 


Electrocardiog:am 


Echocardiogram 





Patent Agejsex Rhythm RA+ LA+ Tabn ST abn LVH LVWT (mm} LVED (mm) LVES (mm) LA (mm) EF {%) 





Family A 
6 25/F SR — — + — + 
Famıly B 
7 15/M SR + e + + 
8 I/M SR +o è — + ee 
9 44/F AF + + — + — 
10 37/M SR — + = = + 


Abn, abnormality, AF, atrial fibrillation, EF, ejection fraction, 


10 35 20 24 63 
9 43 26 45 70 
8 40 27 42 68 

10 43 32 46 47 

10 49 33 39 63 


LA, left atrial, LVED, left ventricular end diastolic dimension, 


LVES, left ventricular end systolic dimension, LVWT, left ventricular wall thickness, RA, night atrial, SR, sinus rhythm 


The histological features of hypertrophic 
cardiomyopathy are characteristic. Myocyte 
disarray, associated with an excess of loose 
connective tissue, is quantitatively different in 
this condition from the appearances seen in 
other forms of cardiac hypertrophy. The 
disorganised muscle bundles have a character- 
istic whorled pattern on light microscopy. The 
histological findings in the patients from these 
two families were indistinguishable from those 
found in hypertrophic cardiomyopathy, alth- 
ough none of the typical macroscopic features 
was present and the heart weights were normal. 

One of the possible consequences of myocyte 
disarray is electrical instability of the myocar- 
dium, which allows the development of ven- 
tricular fibrillation but does not provide the 
basis for sustained ventricular tachycardia (this 
arrhythmia is very rare in hypertrophic car- 
diomyopathy).'® The exact mechanism of sud- 
den cardiac death in hypertrophic car- 
diomyopathy 1s still unresolved. Based on our 
studies in this condition, we believe that the 
primary event is most often haemodynamic 
collapse resulting from inappropriate cir- 
culatory reflexes.!’"* The resulting hypoten- 
sion and ischaemia may provoke ventricular 
fibrillation in individuals with severe disarray. 
Investigation of the surviving member of 
family A did not show any evidence of electrical 
instability but did suggest abnormal control of 
the circulation during exercise. 

Myocyte disarray may also contribute to 
abnormalities of left ventricular diastolic func- 
tion seen in hypertrophic cardiomyopathy. In 
Family B restrictive physiology was seen in 
surviving family members, although only the 
proband showed histological proof of myocyte 
disarray. The explanted hearts of five young 
patients (age < 15 years) undergoing transplan- 
tation for restrictive cardiomyopathy, which 
were examined recently by us, showed similar 
histological features (A Pomerance, personal 
communication). 

Did the patients described have hypertro- 
phic cardiomyopathy without hypertrophy? If 
they do represent a previously unrecognised 
form of the condition then, by implication, the 
range of disease recognised by standard diag- 
nostic echocardiographic criteria is limited. 
More extensive characterisation of similar 
patients may confirm our impression that 


hypertrophic cardiomyopathy may exist with- 
out hypertrophy or that within a family some 
affected members may have hypertrophy while 
others do not. Ultimately, however, accurate 
diagnosis may require identification of the gene 
responsible or of a genetic marker that is linked 
to the gene locus. 
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Streptokinase treatment for femoral artery 
thrombosis after arterial cardiac catheterisation in 


infants and children 


F Brus, M Witsenburg, W J D Hofhuis, J A Hazelzet, J Hess 


Abstract 

Data on 205 children who underwent 
retrograde arterial catheterisation were 
studied to assess the frequency of 
femoral artery thrombosis and the 
safety and efficacy of systemic strepto- 
kinase treatment for this complication. 
In 29 (14%) a transarterial balloon 
dilatation was performed. In 15 (7:3%) 
patients impaired arterial perfusion due 
to vascular spasm with or without 
thrombus formation was seen in the can- 
nulated leg after catheterisation. Despite 
heparinisation, signs of impaired 
arterial circulation persisted in nine 
patients (4:4% of the total). In these 
patients femoral artery thrombosis was 
strongly suspected. Six (53%) of these 
had undergone a balloon dilatation. 
Therefore in this study the risk of 
femoral artery thrombosis developing 
was 12 times greater after transarterial 
balloon dilatation than after arterial 
catheterisation without dilatation (20-6% 
v 1:7%). Systemic infusion of streptokin- 
ase was started in all patients with 
femoral artery thrombosis. Arterial per- 
fusion became normal in all patients, 
though in one this was delayed. 
Haematological monitoring showed 
lengthening of the thrombin time and a 
decrease of the fibrinogen concentration 
during streptokinase treatment. There 
were no serious complications. 

Systemic infusion of streptokinase is a 
safe and useful treatment in children 
with persistent femoral artery throm- 
bosis after arterial cardiac catheterisa- 
tion. 


Femoral artery thrombosis 1s the most com- 
mon complication of retrograde arterial car- 
diac catheterisation in children. ™? Catheterisa- 
tion of infants weighing less than 10 kg and 
the growing use of transarterial balloon dilata- 
tion procedures increase the frequency of this 
complication.’ 45 

In older children surgical thrombectomy 
has been undertaken with varying success.'** 
Because the risk of extending vascular damage 
is higher in neonates and infants they are less 
suitable for surgical intervention,?° 

The systemic use of thrombolytic agents 
seems to be a safe and effective alternative to 
surgical treatment. We studied a group of 
children treated with streptokinase because of 
femoral artery thrombosis after cardiac cath- 
eterisation, 


Patients and methods 

Between 1 January 1987 and 1 December 
1988, retrograde arterial cardiac catheterisa- 
tion was performed in 205 children. Of these, 
29 (14°,) children underwent transarterial 
balloon dilatation. These children received an 
extra intravenous bolus of heparin (110 U/kg) 
during the procedure as well as the heparin 
solution used routinely in every child to flush 
catheters. Thirty four (169%) children 
weighed less than 10 kg. 

Before and after catheterisation the arterial 
perfusion of both legs was assessed by 
examination of arterial pulses, blood pressure, 
colour, and temperature. Patients with absent 
or reduced arterial pulsations, substantially 
decreased blood pressure, pallor, and dimini- 
shed skin temperature of the cannulated leg 
shortly after the end of the procedure were 
considered to have impaired arterial perfusion 
due to arterial spasm with or without throm- 
bus formation. We studied the data on these 
patients. 

In all these patients heparin was adminis- 
tered for different times and monitored by the 
activated partial thromboplastin time. In 
patients with persistent signs of impaired 
arterial circulation despite heparinisation a 
tentative diagnosis of arterial thrombosis was 
made and streptokinase was used for systemic 
thrombolytic treatment. 

The distribution of age and weight (mean 
(SD)) and also the interval (mean (SD)) be- 
tween the end of the catheterisation and the 
start of streptokinase treatment were deter- 
mined. The duration of treatment (mean 
(SD)) was also assessed. 

Before and during streptokinase treatment 
prothrombin time, activated partial thrombo- 
plastin time, and plasma fibrinogen concen- 
trations were recorded in all patients; in some 
patients the thrombin time was also measured. 
Two hours after the end of streptokinase 
treatment heparinisation was restarted in all 
patients to prevent re-thrombosis after suc- 
cessful treatment or persisting thrombus 
formation after treatment failure. This was 
continued for 12 hours. 


Results 

Shortly after the end of the catheterisation 15 
(73°) of 205 patients showed impaired 
arterial perfusion of the cannulated leg. In six 
(40°) of these the arterial circulation became 
normal during systemic heparin treatment. 
Despite continued heparinisation arterial per- 
fusion remained impaired in the remaining 
nine patients (60%, 4-4% of 205 patients) 
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Table 1 Patients with femoral artery thrombosis treated by systemic infusion of streptokinase 





Interval between end of 





Transartertal cathaterisation and start 

Patient No Age (yr) Weght (kg) Diagnosis balloon dilatation of streptokinase (h) 
1 54 177 Aortic recoarctanon + 144 

2 16 88 TA ~ 51 

3 12 70 VSD ~ 48 

4 96 224 AVS + 48 

5 04 66 AVS + 122 

6 110 254 AVS + 24 

yi 0 08 §2 AVS + 24 

8 66 172 MPPS + 19 

9 0 02 32 PA, VSD = 56 

Mean (SD) 39 (43) 12 6(8 1) 59 7 (44 0) 


TA, tricuspid valve atresia; VSD, ventricular septal defect, AVS, aortic valve stenosis, MPPS, mulople peripheral pulmonary 


stenoses, PA, pulmonary atresia 


Table 2 Systemic streptokinase infusion ın nine patients with femoral artery thrombosis after retrograde arterial 


catheterisation 
Loading dose in Infusion dose 

Patient No 30 mn (U[kg) (UfRg{h) 

1 1000 1000 

2 1000 1000 

3 1000 1000 

4 2000 1000 

5 3000 1500 

6 3000 1000 

7 3000 1000 
3000 2000 

8 3000 1000 

9 3000 1000 


Duration (h) Complications 
29 None 
7 None 
12 None 
58 Haematoma groin 
8 one 
24 Bleeding groin 
24* None 
45 
120 None 
72 No effect 





*Because of an madequate result after 24 hours of treatment the dose of streptokinase was increased after another loading dose 


This was successful after 45 hours 


59-7 (44-0) hours (range 19-144 hours) after 
the procedure and femoral artery thrombosis 
without vascular spasm was strongly suspec- 
ted (table 1). Six of these nine patients had 
undergone a transarterial balloon dilatation. 
The median weight of these children was 12-6 
(8:1) kg (range 3:2-25-4kg); five of them 
weighed less than 10 kg. The median age was 
3-9 (4:3) years (range 9 days—11 years). 
During systemic streptokinase treatment 
(table 2) arterial perfusion became normal in 
eight (89%) of nine patients after 7-120 hours 
(mean 39-6 (38-9) hours). Because of persist- 
ing impaired perfusion after 24 hours of treat- 
ment the streptokinase dose was increased in 
one patient (patient 7, table 2) after another 
loading dose. This resulted in normal arterial 
circulation after 45 hours. In the youngest 
patient (patient 9, table 2) absence of pulses 
and low systolic blood pressure persisted des- 
pite laboratory signs of adequate fibrinolysis. 
After 72 hours thrombolytic treatment in this 
patient was stopped. However, femoral artery 
perfusion was normal 5 days after the end of 
streptokinase treatment. There were no signs 


Table 3 Thrombin time and plasma fibrinogen 
concentration before and during streptokinase treatment 


Thrombin nme (s) Plasma fibrinogen (g/l) 





Panent No Before During Before During 





l 17 28 30 20 
2 19 56 26 08 
3 a Z 26 10 
4 10 26 26 14 
5 19 31 23 14 
6 21 25 25 26 
7 18 25 21 16 
8 21 32 38 25 
9 — — 37 08 
Mean (SD)  179(38) 319(110) 28(06) 16(07) 


of re-thrombosis at follow up after 3-20 
months in any patient. 

During streptokinase treatment the proth- 
rombin time and partial thromboplastin time 
did not change. The thrombin time increased 
(from 17:9 (3-8)s to 31-9 (11-0)s, mean 
relative increase of 0-85 (0-61) and the plasma 
fibrinogen concentration decreased (from 2 8 
(0 6) g/l to 1 6 (0-7) g/l, mean relative decrease 
of 0 42 (0 24)). The fibrinogen concentration 
did not change in patient 6, in whom strepto- 
kinase treatment resulted in a normal circula- 
tion after 45 hours (table 3). 

There was no substantial bleeding during 
or after streptokinase treatment except for 
minimal bleeding at the arterial entry site that 
could be stopped by groin compression. No 
allergic reactions were seen. 


Discussion 

Obstruction of the femoral artery by thrombus 
1s a complication of retrograde arterial cath- 
eterisation in children. This has been con- 
firmed by arteriography in some studies. 
Vascular spasm only contributes to femoral 
artery obstruction shortly after the end of the 
procedure.? Spasm is unlikely to persist for 
more than a few hours.? In this study we 
regarded persistent signs of impaired arterial 
circulation despite heparinisation as being the 
result of thrombus formation without vascular 
spasm. 

Femoral artery thrombosis is the most com- 
mon complication after retrograde arterial 
catheterisation in children'’—it was reported 
in 3-5°% of patients despite increased 
experience with catheterisation techniques, 
better materials, and systemic treatment with 
heparin.'4° The result in our study (44%) 
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accords with these earlier results. Further- 
more, femoral artery thrombosis was 12 times 
more common after retrograde transarterial 
balloon dilatation than after arterial catheter- 
isation alone (206% v 1:7%). The larger 
diameter of the balloon catheters and the 
irregular surface of the balloon may contribute 
to increased intimal damage and vascular 
spasm.*® This is an important finding because 
the number of retrograde transarterial balloon 
dilatations has greatly increased in past years.°* 
Young children, especially those weighing less 
than 10 kg, have a higher frequency of femoral 
artery thrombosis after retrograde arterial 
catheterisation than older children and 
adults.?** We found femoral artery thrombosis 
in 14:7°, of children weighing <10 kg and in 
2:3°, of children weighing > 10 kg. Although 
tissue ischaernma after femoral artery throm- 
bosis is rare, disturbance of growth and func- 
tion of the leg can be impressive.’ t? Therefore, 
it is very important to evaluate arterial per- 
fusion of both legs after each retrograde arterial 
cathetertsation. Absent or reduced arterial pul- 
sations, substantially decreased blood pressure, 
pallor, and diminished skin temperature of the 
cannulated leg after the end of the procedure 
are reliable criteria for femoral artery obstruc- 
tion.?*? 

Persistence of impaired perfusion of the 
femoral artery indicates that treatment is 
needed. Surgical intervention, especially in 
younger children, is associated with a substan- 
tual risk of extending vascular damage.’® In 
older children it has been undertaken with 
varying success.'*® The use of thrombolytic 
agents seems to be a preferable alternative.** 
These agents act directly or indirectly as plas- 
minogen activators. They activate plasmino- 
gen, an inactive proteolytic enzyme in plasma, 
to produce the fibrinolytic enzyme plasmin." 

We treated our patients with streptokinase 
because this ıs the agent that has been most 
used in children for this indication. Strepto- 
kinase 1s a protein obtained from group C f 
haemolytic streptococci. In our study 
femoral artery thrombosis occurred in nine 
patients after retrograde arterial catheterisation 
despite continued heparinisation. These 
patients were treated with systemic infusion of 
streptokinase. We did not perform local arterial 
infusion because this requires cannulation of 
another artery with the attendant risk of endo- 
thelial damage and possible formation of a new 
thrombus."! 

In eight (89%) of nine patients systemic 
streptokinase treatment was successful. This 
accords with the results of two recently pub- 
lished studies.4* The mean duration of treat- 
ment was greater in our patients than in these 
other studies (37:9 v 13-0 hours). Older 
thrombi are more resistant to fibrinolysis. 
Peripheral arterial thromboses that are > 24 
hours old need longer treatment with strepto- 
kinase." ° In our study the interval between the 
end of catheterisation and start of streptokinase 
treatment was not clearly related to how long 
treatment was needed. Despite laboratory signs 
of adequate fibrinolysis, streptokinase treat- 
ment was not immediately successful in one 
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patient (11%) (the youngest in our series (9 
days old)). Femoral artery perfusion was nor- 
mal after 5 days, however. Recanalisation after 
spontaneous resolution of the thrombus is 
highly unlikely to have occurred in such a short 
period. Failure of thrombolytic treatment in 
neonates may be attributed to the lower con- 
centrations of plasminogen or because the 
functional activity of plasminogen is less than 
the concentrations of plasminogen inhibitors 
(especially œ antiplasmin).'*"* Sometimes the 
use of massive amounts of thrombolytic agents 
may be successful in these cases. Activation of 
plasminogen by thrombolytic agents can result 
in haematological changes (particularly an 
increase of thrombin time and a decrease in 
plasma fibrinogen as well as an increase in 
plasma fibrin degradation products). ' Mon- 
itoring of prothrombin time, partial thrombo- 
plastin time, thrombin time, plasma fibrin- 
ogen, and fibrin degradation products is a 
useful guide to adjusting thrombolytic treat- 
ment to avoid systemic bleeding complica- 
tions.’ ®©" In our patients there was no length- 
ening of prothrombin time and partial throm- 
boplastin time, but the thrombin time in- 
creased and there was a moderate decrease in 
plasma fibrinogen concentrations—both signs 
of fibrinolysis (table 3). 

Bleeding is the most hazardous complication 
of systemic thrombolytic treatment. We saw no 
serious bleeding complications in our study. 
Bleeding from the arterial entry site is the 
most common complication—particularly in 
patients undergoing balloon dilatation pro- 
cedures. This complication was seen in one of 
our patients. Local compression will usually 
stop the bleeding.*? 

During thrombolytic treatment invasive 
procedures must be avoided."® Contraindica- 
tions to thrombolytic treatment are the 
presence of or predisposition to intracranial 
haemorrhage, active internal bleeding (for 
example, gastrointestinal), recent major sur- 
gery (within 10 days), and a pre-existing bleed- 
ing tendency.” If serious bleeding develops 
thrombolysis must be stopped immediately and 
coagulation changes reversed by the use of 
fresh frozen plasma and cryoprecipitate.'® 

To avoid re-thrombosis after successful 
thrombolytic treatment or when thrombus for- 
mation persisted after treatment failure we 
treated our patients with heparin. The optimal 
anti-thrombotic regimen to prevent these 
problems still needs to be established. Heparin 
and/or aspirin have been recommended." Like 
other investigators we did not encounter re- 
thrombosis in our patients.‘ f 

Treatment with streptokinase (a bacterial 
problem) is occasionally associated with an 
allergic reaction (rash, fever, nausea, a syn- 
drome resembling serum sickness, and 
anaphylactic shock) especially in patients 
exposed to a recent streptococcal infection or 
streptokinase treatment. Urokinase, a human 
product, is non-antigenic and can be used 
instead of streptokinase.'° There were no aller- 
gic reactions in our patients. 

The doses that we used and those used by 
others in children were not established by 


294 


pharmacological investigations but were 
estimated from experience ın adult patients. 
These doses were safe and effective but we do 
not know whether they are pharmacologically 
optimal. 

In our study group the early use of strepto~ 
kinase in the treatment of femoral artery 
thrombosis after percutaneous retrograde cath- 
eterisation in infants seemed to be beneficial. 
Because proof of the efficacy of treatment with 
streptokinase cannot be drawn from this study 
we recommend that a randomised, controlled 
study should be undertaken. 
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Evaluation of pulmonary arterial pressure by 
Doppler colour flow mapping in patients with a 


ductus arteriosus 


Kalimuddin Aziz, Habiba Tasneem 


Abstract 

Blood flow in the pulmonary artery was 
studied by Doppler colour flow mapping 
and cardiac catheterisation in 19 patients 
with a ductus arteriosus and different 
pulmonary artery pressures. In the four 
patients with normal pulmonary artery 
pressures colour Doppler flow mapping 
showed multicoloured wide and long sys- 
tolic and diastolic jets in the pulmonary 
artery. In the 15 patients with raised 
pulmonary arterial pressure the systolic 
jets varied from multicoloured to red 
and were thinner: in patients with con- 
siderably raised pulmonary arterial 
pressure the jets became redder during 
diastole. The Doppler velocity tracings 
showed that in patients with normal pul- 
monary artery pressures the mean peak 
systolic velocity was higher than the 
mean end diastolic velocity—so that in 
all four the ratio of peak systolic velocity 
to end diastolic velocity was <2. The 
mean peak systolic velocity was much 
higher than the mean end diastolic 
velocity in 13 of the 15 patients with 
raised pulmonary artery pressure; this 
meant that the ratio of peak systolic 
velocity to end diastolic velocity was >2 
in 10 of 11 patients. The end diastolic 
velocity was significantly lower in those 
patients with raised pulmonary artery 
pressure than in those with normal 
artery pressure. There was an inverse 
linear correlation between the mean 
pulmonary artery pressure and end 
diastolic ductal jet velocity in 17 of the 19 
patients. 

Colour flow mapping and this quan- 
titative Doppler technique can detect 
pulmonary artery hypertension in 
patients with a ductus arteriosus. 


The development of cross sectional echo- 
cardiography with pulsed and continuous 
wave Doppler techniques allows visualisation 
of the ductus arteriosus and recording of the 
flow velocity of ductal systolic and diastolic 
shunting in the pulmonary artery. A Doppler 
study showed that diastolic ductal flow was 
shortened in patients with pulmonary artery 
hypertension.' There were significant correla- 
tions between the haemodynamically deter- 
mined instantaneous aorta to pulmonary 
arterial systolic pressure gradient and maxi- 
mum instantaneous Doppler velocity across 
the ductus and between the instantaneous 


aorta to pulmonary artery diastolic pressure 
difference and minimum instantaneous Dop- 
pler velocity across the ductus.? The Doppler 
colour flow mapping technique not only 
images the ductus arteriosus but also charac- 
terises the systolic and diastolic jets in the 
pulmonary artery that are generated through 
the ductus.** The Doppler imaging technique 
showed distinct retrograde blood flow 
patterns caused by left to right shunting in the 
main pulmonary artery in patients with a 
ductus arteriosus‘ and a reduction in the dias- 
tolic ductal flow velocities when pulmonary 
arterial pressure was high.? The purpose of 
our study was to define various abnormal 
patterns of blood flow in the pulmonary artery 
caused by a ductus of various sizes and to 
determine the relation between pulmonary 
artery pressure and diastolic and systolic 
ductal blood flow velocities recorded in the 
pulmonary artery by Doppler colour flow 


mapping. 


Patients and methods 

We studied 19 patients (mean (SD) age 4-3 
(1 9) years; mean (SD) weight 14-3 (3:1) kg). 
Seventeen had a ductus arteriosus and two 
also had coarctation of the aorta. Patients were 
examined in the supine position and infants 
were sedated with chloral hydrate. The heart 
was imaged from all sites with a Toshiba 
colour flow Doppler echocardiogram (Sono- 
layer-SSH-65 A). The ductus arteriosus was 
imaged from the left parasternal oblique plane 
and from high left parasternal positions.’ f We 
used a continuous wave Doppler beam with 
concomitant imaging of the pulmonary artery 
and descending aorta. We took special care to 
record both the systolic and diastolic flow 
velocities within the main pulmonary artery. 
We used colour Doppler flow mapping to 
image the high velocity jets in the pulmonary 
artery and by aligning the Doppler beam 
parallel with the jet we recorded maximum 
velocity spectra. Audio signals were used to 
record the velocities in the laminar portion of 
the jet. 

Cardiac catheterisation was undertaken 
within one week of the echocardiographic 
study. A mixture of pethidine, chlorpro- 
mazine, and promethazine hydrochloride was 
used as a premedication. Blood gas saturation 
and two to three pressures were measured 
from the right heart chambers and descending 
aorta. In patients with coarctation of the aorta 
pressure was recorded in the ascending aorta. 
The ratio of pulmonary blood flow to systemic 
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Figure 1 Colour flow mapping from the base of the heart 
in short axis plane from left parasternal location (a) In 
a patient with a ductus arteriosus and normal pulmona 
arterial pressure showing a multicoloured systolic jet 
arising from the ductus (arrow) and spreading into a 
wide area in the pulmonary artery { P). Note an area of 
turbulence close to the ductus in the descending aorta 

A, ascending aorta, a, descending aorta Short axts left 
parasternal colour flow mapping from the base of the 
heart in systole (b) and diastole in a patient with a ductus 
arteriosus and pulmonary arterial hypertension, showing 
a multicoloured systole jet coming from the ductus and 
extending into the main pulmonary artery (P) for a short 
distance. During diastole (c) 1t became redder, suggesting 
considerably reduced diastolic jet velocities. 


blood flow (QP/QS) was calculated for 17 of 
19 patients. The peak systolic velocity was 
measured manually from the timed velocity 
spectra that were recorded on a hard copy. 
The highest point on the systolic velocity 
spectrum was taken as the peak systolic 
velocity measurement. Three to four measure- 
ments were taken and the mean value was 
used for the correlations. The end diastolic 
velocity was measured at the peak of the R 
wave. 

In one patient with considerably increased 
pulmonary artery pressure there was a drop 
out of diastolic velocities in the last part of 
diastole. In this patient we used the last por- 
tion of the diastolic spectrum to measure dia- 
stolic velocity. A mean of three to four 
measurements was taken. In four patients the 
systolic velocity spectrum was either not 
recorded or was incomplete. In two patients 
with significantly raised pulmonary arterial 
pressures, abnormal ductal flow velocities 
were not recorded in the pulmonary artery, in 
systole or diastole. These two patients showed 
no left to right shunt at cardiac catheterisation 
and one of them showed only a right to left 
shunt from the pulmonary artery into the 
descending aorta. 


Results 

QUALITATIVE STUDY 

In patients with a ductus arteriosus the con- 
tinuous wave record of the Doppler flow 
velocity profile of anterograde (normal) pul- 
monary blocd flow (coded blue) was seen in 
the distal pulmonary arteries as a negative 
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velocity spectrum (below the baseline) and 
concomitant systolic jet velocities caused by 
ductal left to right shunt as retrograde blood 
flow toward the pulmonary valve were re- 
corded as positive velocity spectrum (above 
the baseline). Positive blood velocities contin- 
ued to be recorded during diastole. This 
retrograde ductal systolic and diastolic jet flow 
could be mapped in the colour mode, and a 
multicoloured systolic jet could often be 
traced from the descending aorta, where a 
small area of multicoloured flow disturbance 
was seen, through the ductus along the lateral 
and superior wall of the main pulmonary 
artery in a retrograde direction. The distance 
to which systolic and diastolic jets extended 
into the pulmonary artery varied; with low 
pulmonary artery pressure the systolic jet 
extended in a retrograde direction right up to 
the pulmonary valve and eventually ended up 
in a vortex near the pulmonary valve where it 
reversed to flow in an anterograde direction. A 
multicoloured high velocity jet with wide 
lateral flow velocities extending a long way 
into the pulmonary artery was characteristic 
of a ductus arteriosus and low pressure in the 
pulmonary artery. The jet remained visible 
during both systole and diastole and the 
colour profile of the jet during systole and 
diastole did not vary a great deal in patients 
with normal pulmonary arterial pressure (fig 
la). Anterograde pulmonary flow (coded blue) 
was seen in the distal pulmonary arteries. 
Reversed flow during diastole (coded red)— 
that is towards the pulmonary valve—was 
seen near the bifurcation of the pulmonary 
arteries.‘ In those patients in whom pul- 
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Figure 2. (a) Continuous wave Doppler velocity spectrum in the main pulmonary 
artery wt a patient with a ductus arteriosus in whom the mean pulmonary artery pressure 
was 19 mn Hg Retrograde flow velocities were continuously above the baseline durtng 
systole and diastole because of left to right ductal shunting Both peak systolic (second 
arrow) and end diastolic velocities (first arrow) were relatrvely high. (b) Continuous 
wave Doppler velocity spectrum recorded tn the pulmonary artery in a patient with 
mean pulmonary arterial pressure of 59 mm Hg Compared with peak systolic velocity 
the end diastolic velocity (arrow) was syenificantly reduced. Anterograde (normal) 
systolic pulmonary arterial flow velocities were recorded below the baseline (c) Velocity 
spectrum of a patient with a ductus arteriosus and mean pulmonary arterial pressure of 
62 mm Hg The diastohe velocity was much reduced (arrow above the baseline), Arrow 
below the baseline shows anterograde (normal) flow velocittes. 


monary arterial pressure was considerably 
increased and the left to right shunt was 
small—that is the QP/QS ratio was <1-5—a 
small flame shaped red jet came from the 
ductus and extended a short distance into the 
main pulmonary artery during systole and 
diastole. In the patients with raised pulmon- 
ary arterial pressure, the colour coding of the 
systolic multicoloured jet was variable and 
depended upon the pulmonary arterial pres- 
sure (fig 1b). In patients with moderately 
raised pulmonary arterial pressure the mul- 
ticoloured systolic jet was shorter and thinner 
and became more red during diastole because 
of a considerable reduction in the diastolic 
velocities (fig 1c). In one patient we did not 
see left to right ductal flow in the main 
pulmonary artery; however, the ductus image 
showed systolic and diastolic flow (coded 
blue) from the pulmonary artery mto the 
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Figure 3 Peak systohc/end diastolic velocity ratio ( SV] 
DV) in patients with low pulmonary artery pressures 
(GI) and high pulmonary artery pressures (G2) All but 
one of the 11 hypertensive patients had ratios > 2 


descending aorta. Catheter studies (oximetry) 
in this patient did not show shunting and 
pressures in the pulmonary artery and aorta 
were sumular. The only abnormal velocities 
recorded in this patient were from reversed 
flow from the pulmonary artery through the 
pulmonary valve into the right ventricle, 
which were due to pulmonary regurgitation 
caused by very high pulmonary arterial 
pressure. 


QUANTITATIVE STUDY 

Left to right ductal shunting was studied by 
recording abnormal positive flow velocities 
(above the baseline) during systole and dia- 
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Figured Peak systolic (SV cm/s) velocities m patients 
with low pulmonary artery pressures (G1) and high 
pulmonary artery pressures (G2) Peak systoltc velocities 
were significantly lower in the hypertensive group 

fp < 001) 
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Figure 5 End diastolic 
velocities (DV cm/s) in 
patients with low 
pubnonary artery 
pressures (G1) and high 
pulmonary artery 
pressures (G2) There was 
no overlap of values tn the 
normotensive and 
hypertensive groups 

íp < 0001). 


Figure 6 Mean 
pulmonary arterial 
pressure (MPAP) plotted 
against end diastolic 
velocity (DV cm/s) in 17 
patients with a ductus 
arteriosus. An tncrease in 
mean pulmonary artery 
pressure was associated 
with proportionate 
reduction in diastolic 
velocity 
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stole (fig 2). Cardiac catheterisation showed 
that in four patients (group I) mean pul- 
monary arterial pressure was <24 mm Hg 
(mean (SD) 20 3 (2:5) mm Hg) and the mean 
(SD) QP/QS ratio was 2-1 (0 48) (fig 2a). In 
15 patients (group II) mean pulmonary artery 
pressure was > 25 mm Hg (mean (SD) 55-1 
(11:7) mm Hg), The mean QP/QS ratio in 13 
of these 15 patients was 3 4 (1 7) (fig 2b and 
c). The mean peak systolic velocity in the four 
patients with lower mean pulmonary arterial 
pressure was 434 (52-9) cm/s and the mean 
end diastolic velocity was 264 (50-8) cm/s and 
the ratio of systolic velocity/end diastolic 
velocity was <2 (mean 1-68 (0 17). Mean peak 
systolic velocity (308 (78:3) cm/s) was 
measured in 11 of the 15 patients with higher 
pulmonary artery pressures (group IT) and 
mean end diastolic velocity (118-6 (39-9) cm/s) 
was measured in 13. The ratio of peak systolic 
velocity to end diastolic velocity was >2 
(mean 2:5 (0 37)) in the 10 patients and in one 
patient the ratio was 1 9 and the mean pul- 
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monary arterial pressure was 37 mm Hg (fig 
3). The peak systolic velocity was significantly 
lower in the patients with raised pulmonary 
artery pressures (p < 0-01, fig 4); however, 
diastolic velocity was significantly reduced in 
this group (compared with the four patients 
with normal pulmonary artery pressures) 
(p< 0001), and this variable clearly 
separated the two groups (fig 5). 

The end diastolic velocity correlated in- 
versely with the mean pulmonary arterial 
pressure in all 17 patients in whom ıt was 
measured (r = 0:897, p < 0-001, SE 0:0387) 
(fig 6). 


Discussion 

Our study confirms the previously reported 
colour Doppler profile of pulmonary systolic 
and diastolic blood flows in patients with a 
ductus arteriosus.‘ Retrograde continuous 
flow toward the pulmonary valve caused by 
left to right ductal shunting was seen during 
systole and diastole. This retrograde flow con- 
tained velocities that depended upon the size 
of the ductus and the pulmonary arterial pres- 
sure during systole and diastole. The distance 
to which a jet arising from the ductus exten- 
ded retrogradely into the pulmonary artery 
was a function of pulmonary arterial pressure 
and the anterograde hydraulic force of for- 
ward systolic pulmonary blood flow on one 
hand and left to mght ductal jet velocity on the 
other. In patients in whom pulmonary arterial 
pressure was normal, the anterograde hy- 
draulic forces opposing the systolic retrograde 
flow in the ductal shunt were lower so that the 
systolic jet was wide with considerable lateral 
flow velocities and tracked along the lateral 
and superior walls of the main pulmonary 
artery up to the level of the pulmonary valve 
where a large vortex was seen with ductal flow 
joining the anterograde pulmonary blood 
flow. The areas around the systolic jet were 
blue (showing normal forward pulmonary 
arterial blood flow). The distance that the 
systolic and diastolic jets extended from the 
ductus to the pulmonary valve was reduced in 
proportion to the pulmonary arterial pressure. 
When pulmonary arterial pressure was signi- 
ficantly raised by increased pulmonary vas- 
cular resistance, anterograde hydraulic forces 
were increased and the systolic ductal jet was 
lean and thin and was considerably deflected 
toward the walls of the main pulmonary 
artery. During diastole the jet became more 
red, suggesting a considerable reduction in 
diastolic velocities. In patients with pul- 
monary arterial pressure that was near sys- 
temic values a red flame shaped jet was seen 
throughout systole and diastole. This exten- 
ded a short distance from the ductus into the 
pulmonary artery. The diastolic jet velocities 
of these patients were much reduced (to <100 
cm/s). 

Thus our study showed that the colour 
coding of the systolic and diastolic ductal jets, 
their width, and the distance they extended 
into the pulmonary artery can be used to 
evaluate the pulmonary arterial pressure in 


a 


patients with a ductus arteriosus. 

Doppler measurement of the ductal shunt- 
ing flows showed that systolic and diastolic 
velocities were significantly higher in patients 
with low pulmonary arterial pressure—so that 
the ratio of peak systolic velocity to end dias- 
tolic velocity was <2. Compared with peak 
systolic velocities the end diastolic velocities 
were considerably reduced in the hypertensive 
group so that the ratio of peak systolic to end 
diastolic velocity was > 2 in most patients. So 
the ratio of peak systolic velocity to end dia- 
stolic velocity could be used to identify 
patients with pulmonary arterial hyper- 
tension. The only difficulty with this approach 
was that the peak systolic velocity could not 
be recorded in four patients. However, the 
absolute diastolic velocity measurement 
separated all patients with pulmonary artery 
hypertension from those without. 

Our initial data showed a linear relation 
between the mean pulmonary arterial pressure 
and the end diastolic velocity measurement. 
We believe this relation would have been even 
closer ıf it had been feasible to record the 
Doppler velocity spectrum simultaneously 
with the measurement of pulmonary arterial 
pressure at cardiac catheterisation. 
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Our study suggests that for clinical purposes 
mean pulmonary arterial pressure can be 
derived from the Doppler measurement of 
end diastolic velocity. The colour Doppler 
technique permits not only qualitative but 
also quantitative estimate of pulmonary 
arterial pressure in patients with a ductus 
arteriosus. 
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Preoperative measurement of pulmonary vascular 
resistance in complete transposition of the great 


arteries 


A Bush, C M Busst, W B Knight, J S Carvalho, M L Rigby, E A Shinebourne 


Abstract 

Transposition of the great arteries is 
frequently complicated by the early onset 
of pulmonary vascular disease. It is dif- 
ficult to measure pulmonary blood flow 
by the Fick principle because the pulmon- 
ary arteriovenous oxygen content dif- 
ference is small and bronchial blood flow 
is increased in this condition. In eight 
patients (mean age 7'7 years, range 3 
months to 29 years) with transposition of 
the great arteries mass spectrometry was 
used to measure oxygen uptake and 
predict pulmonary end capillary blood 
oxygen content. The effects of the bron- 
chial circulation were studied by com- 
puter modelling. There was close 
agreement between pulmonary end 
capillary and pulmonary vein blood 
oxygen contents but the resultant percen- 
tage difference in arteriovenous content 
difference was significant (mean (SE of 
difference)) (14:5(3'8)%). The effect of the 
bronchial circulation was to give 
spuriously high estimates of pulmonary 
blood flow. The error was greatest when 
oxygen consumption was low and aortic 
blood was very desaturated. 


Rapidly progressive pulmonary vascular dis- 
ease is an important complication of transposi- 
tion of the great arteries.” It may occur as early 
as the first year of life,** whether or not the 
ventricular septum is intact** and despite the 
presence of pulmonary stenosis’ or adequate 
banding .of the pulmonary artery.” Assess- 
ment of severity is helpful in determining the 
nature and timing of operation. Measurement 
of pulmonary vascular resistance may not be 
reliable in these children because the high 
pulmonary artery saturation results in a low 
arteriovenous oxygen content difference.’ ° 
Accurate determination of this difference is 
necessary for application of the Fick princi- 
ple." Furthermore, bronchial artery hyper- 
trophy has been shown angiographically’ and 
histologically,’ and an increased bronchial 
blood flow may affect the measurements.’ This 
paper reports our approach to the preoperative 
measurement of pulmonary blood flow in these 
children. We also discuss how reliable such 
measurements are likely to be. This assessment 
- was based in part on computer modelling of the 
pulmonary and bronchial circulation. 


Patients and methods 
We report nine haemodynamic studies in eight 
patients. There were five male patients and 
three female patients, mean age 7-7 years, range 
three months to 29 years. All had transposition 
of the great arteries with communications be- 
tween the circulations at atrial or ventricular 
level. Table 1 shows the full details. No patient 
had a ductus arteriosus at the time of the study. 
In all oxygen saturation was higher in the 
pulmonary artery than in the aorta. Patient 1 
was studied on two occasions, three months 
apart, because of fears that pulmonary vascular 
disease had developed while he was awaiting 
operation. Flow was measured at diagnostic 
cardiac catheterisation while the patients were 
intubated and ventilated. Full details of the 
methods have been published elsewhere. 
In summary, fluid filled catheters were 
introduced percutaneously into the femoral 
artery and vein and positioned in the aorta and 
pulmonary artery respectively. For the 
measurements of pulmonary blood flow, 
oxygen consumption was measured by mass 
spectrometry (MGA 200), by the steady state, 
argon dilution principle.” Blood Po,, pH, and 
base excess were measured on a Corning 165 
blood gas analyser and used to calculate blood 
oxygen contents. We assumed that the 
solubility of free oxygen in blood was 0 03 ml/ 
mm Hg/l. End tidal Pco, was measured with 
the mass spectrometer and used to calculate the 
alveolar Po, from the alveolar air equation. 
This value was then used to calculate the 
oxygen content of pulmonary end capillary 
blood, which replaced the oxygen content of 
the pulmonary vein in the Fick equation. 
Whenever possible, we also sampled the pul- 
monary vein to check the validity of our 
assumption that the oxygen contents of the 


Table 1 Additional diagnoses in patients with complete 
transposition of the great artertes 








No Age (yr) Sex Diagnoses 

I 3/12 M VSD/PS 

2 7/12 M ASD 

3 8/12 M ASD/YSD 

4 21/12 F VSD/PAB/Coarc/DA 
5 26/12 F VSD/PAB 

6 10 M PAB, 

7 17 M PAB/VSD 

8 29 F VSD 





ASD, atrial septal defect, Coarc, coarctanon; DA, ductus 
arteriosus (closed surgically before the study), PAB, 
pulmonary artery band, PS, pulmonary stenosis, TR, tricuspid 
regurgiranon, VSD, ventricular septal defect 
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Figure 1 The blood supply to the lungs, as modelled in this paper. The bronchial 
arterial tree su supplier both alveolar and bronchial capillaries; the bronchial capillaries 
dratn tnto both bronchial and pulmonary vems. 


pulmonary vein and pulmonary end capillary 
are similar. 


COMPUTER MODEL 

Bronchial artery blood flow cannot easily be 
measured in humans. The model (fig 1) 
therefore arbitrarily allocates values which 
increase from zero in steps of 100 ml/min per 
m’. The oxygen content of bronchial artery 
blood equals that of aortic blood. Because it is 
desaturated, this stream of blood may be able to 
take up oxygen, particularly if it perfuses 
alveolar capillaries through precapillary anas- 
tomoses with the pulmonary circulation. This 
bronchial blood oxygen uptake would be indis- 
tinguishable from uptake of oxygen by blood in 
the pulmonary circulation. Therefore in the 
Fick equation used in the calculation of pul- 
monary artery blood flow, the numerator (pul- 
monary blood oxygen uptake) is overestimated. 
The effects of this can be modelled if the 
oxygen content of bronchial venous blood is 
known. In healthy tndividuals, approximately 
one third of the bronchial circulation drains 


into the right atrium via the bronchial veins, ° 


and two thirds drains into the left atrium via the 
pulmonary veins.” In neither route can bron- 
chial venous oxygen content be measured, nor 
can it be assumed to be equal to that of vena 
` caval blood. Bronchial venous blood cannot be 
more oxygenated than pulmonary end capillary 
blood whatever route ıt takes, so the two are 
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assumed to be equal. If any bronchial venous 
blood 1s less saturated than pulmonary end 
capillary blood, then the uptake of oxygen by 
the bronchial circulation will be overestimated. 
The steps in the calculation are as follows. 
An arbitrary value of bronchial blood flow 
(QBr) is allocated by the program. If the blood 
oxygen contents of pulmonary artery, aortic, 
and pulmonary end capillary blood are respec- 
tively Cpao,, Caoo,, Cc’o,, then applying the 
Fick equation to the bronchial circulation, 
QBr = Vo,Br/(Cc’o,-Caoo,) 


where Vo,Br is the oxygen uptake in the 
bronchial circulation. After rearranging, 


Vo,Br = QBr x (Cc’0,-Caoo,) 
Total oxygen uptake (Vo,T) = Vo,Br + 
pulmonary capillary oxygen uptake. Applica- 
tion of the Fick equation to the pulmonary 
circulation gives 


Pulmonary capillary blood flow = 
(Vo,T-Vo,Br)/(Cc'o,-Cpao,) 
Therefore, pulmonary capillary blood flow can 
be calculated for as many different bronchial 

circulation blood flows as desired. 

The model is written in FORTRAN 04 to 
run on the hospital mainframe computer 
(Prime 750). A full listing is available from AB. 
It could easily be adapted to run on a micro- 
computer. 


Results 

HAEMODYNAMIC DATA 

Table 2, in which the patients are arranged in 
ascending order of age, shows total oxygen 
uptake, the calculated oxygen contents of blood 
in aorta, pulmonary artery, pulmonary vein, 
and pulmonary end capillary, and the values of 
pulmonary blood flow and pulmonary vascular 
resistance. 

We compared the calculated oxygen content 
of pulmonary end capillary blood and the 
measured oxygen content of pulmonary vein 
blood. The mean difference between the two 
was 0-29 mi/dl (SD 0-43) measured in air 
(n = 5) and 027 (SD 0-20) measured in 
oxygen (n = 7). The difference was statis- 
tically significant (p = 0-0004) according to 


Table 2 Detailed results of the studies of haemodynamac function in which calculations of pulmonary bigoa fow (Qp) 
and pulmonary vascular resistance (PVR) were based on pulmonary end capillary blood not ous blood 


Blood oxygen content 
Panent 
no Insp Vo, Ao PA PY Pe PAP Qp PVR 
la 100% O, 160 24 34 23 00 24 34 24:79 35 90 3-3 
Ib Aur 173 16 03 19 07 20 58 21 04 38 90 37 
100% O, 154 — 21 19 22°81 23-16 39 78 44 
2 Air 234 1111 22 15 24 73 24-72 15 91 10 
100% O, 236 15 53 24 36 26 67 26-91 15 93 10 
3 Aur 88 15 48 18 40 21-23 21-14 23 32 64 
100% O, 88 — 20 95 23-14 23-37 16 36 3-6 
4 Aur 162 18-64 20 38 _ 24 23 15 42 1-8 
100% O, 168 20 88 23 60 26 40 26-42 16 5-9 11 
5 Air 190 17 07 19 10 26 00 26 96 33 24 119 
100% O, 160 21 04 23 23 _ 29 29 35 26 11-4 
6 Air 166 16 94 17-31 e 18-81 51 12-3 30 
100% O, 148 19-02 19 13 — 20 78 50 100 37 
7 Air 154 24 31 27 47 — 29-31 17 8-3 15 
100% O, 147 27 08 29:56 31:37 31 52 16 15 15 
8 Aur 240 25 45 28 96 30 81 30 93 84 9-4 85 
100% O, 174 2871 3031 32 54 33 14 74 47 143 





gen consumption (Vo,), ml/min per m?, blood oxygen content, mljdl; pulmonary artery pressure (PAP), mm Hg; pulmonsry 


Oxygen 
blood flow (Qp), l/min per m°; pulmonary vascular resistance 


(PVR), mm Hg. 17min’. 


Insp, inspired gas; Ao, aorta, PA, pulmonary artery; PV, pulmonary vem; Pc’, pulmonary end capillary. 
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Figure 2. Comparison of 
oxygen contents of 
pulmonary venous and 
ry end capillary 

lood. This plot shows that 
estimates of pulmonary end 
capillary blood oxygen 
content were 
systematically shghtly 
greater than measured 
pulmonary venous blood 
oxygen content. Closed 
circles are measurements tn 
air and open circles are 
measurements m 100% 
oxygen. The dotted line is 
the mean of all twelve 
points. 


Figure 3 Comparison of 
differences in the 
pulmonary arteriovenous 
oxygen content when 
piman end capillary 

lood and pulmonary 
venous blood are used. 
Ths plot shows that, 
because the arteriovenous 
oxygen content difference 
ts so small, the minor 
discrepancies shown tn 
figure 2 result in large 
discrepancies in the oxygen 
content differences Closed 
circles are measurements in 
air, open circles are 
measurements m 100% 
oxygen. The dotted line is 
the mean of all twelve 
points. 
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repeated measures analysis of variance, allow- 
ing for missing data.” Figure 2 shows the error 
and bias. If pulmonary end capillary blood was 
paired with pulmonary artery blood, the mean 
(SE) of the blood oxygen content differences 
across the pulmonary circulation was 2-78 
(0-52) ml/dl; if pulmonary vein blood was used 
instead, the corresponding result was 2-47 
(0-46) ml/dl. The mean percentage difference 
between these two sets of values was 14-5 (3:8) 
(range —3-2 to 339%). Figure 3 shows the 
error and bias. 

Figure 4 shows the results of the bronchial 
circulation modelling. This shows the mean 
and 95% confidence intervals of the percentage 
error in pulmonary blood flow caused by 
unsuspected bronchial blood flow of 0-1-1-0 1/ 
min perm’. The results for a normal subject are 
shown for comparison. There is considerable 
individual variation; for a bronchial flow of 
0-5 l/min per m?, the error could have been as 
much as 32% or as little as 1-4%. The lower the 
total oxygen uptake, and the lower the aortic 
blood oxygen content, the greater the errors 
that were encountered. 


FOLLOW UP DATA 

We were able to compare measurements of 
pulmonary vascular resistance with lung struc- 
ture in two patients. Patient 5 had Heath 
Edwards late grade III disease (her pulmonary 
vascular resistance was 10-5 units in air) and 
patient 6 had only grade I/II with a pulmonary 
vascular resistance on air of 3-7 units. Patient 1 
had a Mustard’s procedure, with closure of the 
ventricular septal defect and has done well 
postoperatively. Patients 2, 3, 4, and 7 are 
awaiting corrective operation. Patient 8 had a 
palliative Mustard’s procedure, and a post- 
operative study showed a pulmonary vascular 
resistance of 9-9 units in air. 


Discussion 

The conventional solution of the Fick equation 
for organ blood flow assumes that either the 
concentration difference or the flow rate or 
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Figure4 Results of the bronchial circulation model. The 
mean and 95% confidence intervals for the overestimate 
of pulmonary blood flow are plotted against broncmal 
blood flow. The dotted line shows equivalent results for a 
control 


both are constant while the measurement is 
made.’ This 1s rarely if ever true. The smaller 
the arteriovenous concentration difference, the 
greater the error that these assumptions 
produce.’ This paper highlights two particular 
problems in the measurement of pulmonary 
vascular resistance in transposition of the great 
arteries, namely the difficulty of ascertaining 
the true pulmonary vein blood oxygen content 
and the possible role of the bronchial circula- 
tion. 

The hings are drained by four pulmonary 
veins. Even in the supine position during 
cardiac catheterisation there are likely to be 
regional variations in pulmonary gas exchange. 
This could result in variations in the oxygena- 
tion of blood in the four pulmonary veins, of 
which one only is routinely sampled. Blood 
flow is pulsatile at all levels of the pulmonary 
circulation,” and hence red cell capillary transit 
times will vary with the phase of the cardiac and 
respiratory cycles, This will result in small 
phasic alterations in blood oxygen content with 
time. Slow withdrawal of a systemic blood 
sample would partially overcome these effects 
if there were no intracardiac shunts. But this 
procedure is open to the criticism that it 
produces a time average sample at a point nota 
volume average at the area of sampling.’ In 
transposition the choices are either to use a 
sample from a single pulmonary vein or to use 
the alveolar air equation to predict pulmonary 
end capillary oxygen content. This latter 
approach assumes a uniform distribution of 
ventilation to perfusion ratios within the lung, 
but, particularly if the patient is ventilated on 
100% oxygen, even large inequalities will not 
significantly affect the calculated oxygen con- 
tent. This equation thus provides a way of 
partially overcoming regional differences but 
takes no account of the anatomical intrapul- 
monary shunt. There is good agreement be- 
tween the end capillary and pulmonary vein 
blood, as found in other patients with congeni- 
tal heart disease.” However, even a minor 
systematic difference between the two, results 
in big differences in calculated flow if the 


Preoperative measurement of pulmonary vascular resistance in complete transposition of the great artertes 


Figure 5 Lowest 
pulmonary vascular 
resistance (PVR, mm 
Hg l'.mn m`) plotted 
against bronchial blood 
flow QBr, ml[min|m’. M 
1s the actual measurement 
made in pulmonary end 
capillary blood. The 
difficulties of getting a true 
pulmonary vein sample 
were estimated as likely to 
understunate true PVR by 
15°, (see text; plotted as 
QBr = 00). The 
remaining points are based 
on the additional effects of 
the bronchial circulation, 
which were modelled as 
described. 
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arteriovenous blood oxygen content difference 
is small. 

The nature of bronchial blood flow in this 
condition may also lead to inaccuracy. Nor- 
mally, bronchial artery blood is nearly fully 
saturated and can take up far less oxygen than 
pulmonary artery blood. In transposition this is 
not the case. Normal bronchial blood flow has 
been estimated as 50-100 ml/min per m*.” Our 
computer model has shown that even modest 
increases in bronchial blood flow can result in 
significant overestimation of pulmonary blood 
flow. 

Other workers have confirmed that the Fick 
method overestimates pulmonary blood 
flow." ? Dye dilution or thermodilution with 
pulmonary artery sampling will not be affected 
by bronchial blood flow,” but such 
measurements are difficult to interpret in 
infants with intracardiac shunting. Pulmonary 
blood flow has been measured from 
angiograms??? but only in infants with no 
ventricular septal defect. The dose of contrast 
necessary precludes repeated measurements to 
assess any response to vasodilators. It is 
therefore likely that the Fick method will 
continue to be used and we believe it provides 
useful information if correctly interpreted. The 
follow up data, although incomplete, neverthe- 
less support the view that resistance 
measurements may be valuable. High values 
were found with severe pulmonary vascular 
disease (patient 5) or a high resistance after 
palliative operation (patient 8), when the more 
normal pattern of oxygen saturations allows 
greater certainty about the measurements. Low 
values were found with only mild pulmonary 
vascular disease (patient 6) or a good outcome 
after operation (patient 1). 

These data suggest that the measured lowest 
pulmonary vascular resistance is the “best 
case”. The “worst case” is found by modelling 
the effects of the bronchial blood circulation 
and adding 15% for the effects of the problems 
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of pulmonary venous sampling. Figure 5 shows 
this approach in our patients. Pulmonary vas- 
cular resistance is plotted against bronchial 
blood flow, to show the “best” and “worst” 
cases. In many patients the decision to operate 
can be reached without recourse to these cal- 
culations. In patients where there is doubt, we 
believe that such calculations may be helpful, 
permitting the importance (or otherwise) of the 
uncertainties ın the conventional calculations 
to be modelled. In our laboratory, a lowest 
resistance of 6-5 units was associated with 
inoperable pulmonary vascular disease.” So if 
the “best case” is significantly greater than 6:5 
units, then only palliative procedures should be 
offered; if the “worst case” is less than 6°5 
units, then corrective operation can be con- 
sidered. If the possible range of resistance 
spans 6:5 units, then a lung biopsy is needed to 
assess the disease. 
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Early diastolic clicks after the Fontan procedure 
for double inlet left ventricle: anatomical and 


physiological correlates 


Andrew N Redington, Kit-Yee Chan, Julene S Carvalho, Elliot A Shinebourne 


Abstract 
M mode echocardiograms and simultan- 
eous phonocardiograms were recorded 
in four patients with early diastolic 
clicks on auscultation. All had double 
inlet left ventricle and had undergone 
the Fontan procedure with closure of the 
right atrioventricular valve orifice by an 
artifical patch. The phonocardiogram 
confirmed a high frequency sound 
occurring 60-90 ms after aortic valve 
closure and coinciding with the time of 
maximal excursion of the atrioven- 
tricular valve patch towards the ven- 
tricular mass. One patient had coexist- 
ing congenital complete heart block. 
The M mode echocardiogram showed 
“reversed” motion of the patch towards 
the right atrium during atrial contrac- 
tion. Doppler flow studies showed that 
coincident with this motion there was 
forward flow in the pulmonary artery 
with augmentation when atrial contrac- 
tion coincided with ventricular systole. 
The early diastolic click in these 
patients was explained by abrupt cessa- 
tion of the motion of the atrioventricular 
valve patch towards the ventricular 
mass in early diastole. In one patient 
atrial contraction led to a reversal of this 
motion and was associated with forward 
flow in the pulmonary artery. 


For many patients with complex congenital 
heart disease the only surgical option for long 
term palliation is the Fontan operation! or one 
of its modifications.? While most survivors are 
clinically well after these procedures, abnor- 
mal physical signs such as cyanosis, arrhyth- 
mia, fluid retention, and heart murmurs are 
common. Indeed, in a recent review they were 
found in 62% of patients, We report four 
patients in whom the previously unreported 
auscultatory sign of an early diastolic click was 
heard. Simultaneous M mode echocardio- 
graphy and phonocardiography showed the 
origin of this sound. 


Patients and methods 

Four patients (aged 4-18 years) with loud 
early diastolic clicking sounds noted on 
auscultation underwent detailed 
investigation by echophonocardiography. All 
patients had situs solitus with the usual atrial 
arrangement. The atrioventricular connection 
was univentricular, all patients having double 


inlet ventricle with two atrioventricular 
valves. All had previously undergone a Fontan 
type procedure with direct atriopulmonary 
anastomosis. In two patients a valved 
homograft was interposed between the right 
atrium and pulmonary artery. Each patient 
had the right atrioventricular valve closed by 
either a single or double layer of Dacron cloth 
sewn into the floor of the nght atrium. The 
main pulmonary artery was tied off in all. 

Cross sectional, M mode, and pulsed wave 
Doppler echocardiograms with simultaneous 
electrocardiogram and phonocardiogram were 
recorded on a Hewlett-Packard 77020A 
ultrasound system. The phonocardiogram was 
recorded over the point on the chest where the 
diastolic click was best heart on auscultation, 
usually in the fourth left intercostal space 
close to the sternum. M mode echocar- 
diograms from the left atrioventricular valve, 
the aortic valve, and the patch over the right 
atrioventricular valve were recorded with the 
simultaneous electrocardiogram and phono- 
cardiogram. In one patient, who had 
congenital complete heart block, an M mode 
recording was made of the transverse diameter 
of the right atrium viewed from a subcostal 
position. Pulsed wave Doppler flow 
measurements in the superior and inferior 
venae cavae (caval veins) and the proximal left 
pulmonary artery were also recorded in this 
patient. All recordings were made with a 
Honeywell (Ecoline 22) strip chart recorder at 
a paper speed of 100 mm/s. 


Results 

The phonocardiogram confirmed the presence 
of an early diastolic click in each patent. This 
was recorded as a high frequency sound occur- 
ring 60-90 ms after the initial high frequency 
oscillations associated with aortic valve closure, 
the timing of which was confirmed from the M 
mode echocardiogram of the aortic valve. 
There was an inconsistent relation between the 
sound and left atrioventricular valve motion 
(fig 1). In each patient, however, the onset of 
the sound coincided with the time at which the 
right atrioventricular valve patch had reached 
its maximal excursion in early ventricular 
diastole (fig 2). 

The patient with congenital complete heart 
block was studied in further detail. Figure 3 
shows a recording of the motion of the right 
atrioventricular valve patch and its relation to 
the P wave of the electrocardiogram and sub- 
sequent atrial contraction. It is clear from this 


Early diastole clicks after the Fontan procedure for double inlet left ventricle. anatomical and physological correlates 


Figure 1 M mode 
recordings taken from the 
night atrioventricular 
valve (RAVV) patch 
(top panel) and the left 
atrioventricular valve 
(left AVV, bottom panel) 
in the same patient. The 
early diastolic click 
(EDC) cotnerdes mth the 
abrupt cessation of 
movement of the patch 
towards the ventricle n 
early diastole and ts not 
related to the motion of the 
left atrioventricular valve. 
ECG, electrocardiogram; 
PCG, phonocardiogram. 





Figure 3M mode recording of the rig. 
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recording that atrial contraction was associated 
with movement of the patch away from the 
ventricular mass and towards the right atrium. 
When this occurred in early diastole there was a 
prolongation of the interval between aortic 
valve closure and the early diastolic click (fig 
3(A)). This motion presumably reflects a pres- 
sure change between ventricle and atrium. 
Some light was shed on the nature of this 
pressure change when the atrial dimension and 
pulsed wave Doppler flow recordings were 
examined. Figure 4 shows that during atrial 
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Figure 2M inode recordings of the right 
atrioventricular valve (RAVV) patch in two patients 
In both the early diastole click (EDC) occurred 
approximately 80 ms after closure of the aortic valve. 
ECG, electrocardiogram, PCG, phonocardiogram. 


systole there was flow away from the atrium, 
with “reversed” flow in the venae cavae (caval 
veins) and forward flow in the proximal left 
pulmonary artery after the P wave of the 
electrocardiogram. Interestingly, this flow was 
augmented when the P wave coincided with or 
was close in timing to the QRS complex. The 
M mode recording from the right atrium 
showed that the transverse diameter decreased 
with atrial systole with the atrial septum mov- 
ing towards the right atrrum after the P wave 
(fig 4). 


patient with congenital complete heart block. The P wave of the 


Figure 4 Pulsed wave 
Doppler recordings in the 
proximal left pulmonary 
artery {top panel) and 
inferior vena cava (IVC, 
nuddle panel) from the 
patient with complete 
heart block. The bottom 
panel shows the M mode 
recording of the transverse 
diameter of the nght 
atrium, (The P wave of 
the electrocardtogram 1s 
marked by an arrow at the 
top of each recording—see 
text for details.) 
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Discussion 

We showed that the early diastolic click heard 
in patients with double inlet left ventricle after 
the Fontan procedure coincides with the 
maximal early diastolic excursion of the syn- 
thetic material used to close the right atrio- 
ventricular valve orifice. As such, its origins are 
similar to those of the opening snap heard in 
patients with mitral or tricuspid stenosis.** 
High frequency opening sounds are frequently 
heard in patients with Ebstein’s anomaly of the 
tricuspid valve. It was in these patients that M 
mode recordings with simultaneous phonocar- 
diography were first used to show their origin.” 
In all these groups of patients the sound has 
been shown to coincide with the abrupt cessa- 
tion of forward motion of the valve cusps at the 
beginning of early rapid ventricular filling. The 
similar timing of the early diastolic click in our 
patients, 50-80 ms after aortic valve closure, 
supports the idea that the sound is generated by 
the rapid deceleration of the valve cusps, and is 
further evidence against the suggestion that the 
snap heard in mitral stenosis is related to an 
abrupt closing motion of a previously opened 
mitral valve,’ because the patch of material in 
our patients was imperforate with no potential 
for cusp closure. 

Examination of the motion of the right 
atrioventricular valve patch in our patient with 
congenital complete heart block gives us the 
opportunity to examine the role of atrial con- 
traction in the circulation after the Fontan 
procedure. As might be expected there was a 
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variable relation between atrial and ventricular 
contraction in this patient. Figure 3 shows that 
other than during ventricular systole, the P 
wave of the electrocardiogram was followed by 
motion of the patch away from the ventricular 
mass and towards the right atrium. This is the 
opposite to what might be expected and 
presumably reflects a pressure transient be- 
tween the left ventricle and right atrium. It is 
clear from fig 4 that the nght atrium is empty- 
ing at this time; the transverse dimension 
decreases and there 1s flow away from the right 
atrium in the venae cavae (caval veins) and 
pulmonary artery. Furthermore this flow is 
augmented when atrial and ventricular systole 
are synchronous (when the atrioventricular 
valve patch is already maximally displaced 
towards the right atrium). It is clear, therefore, 
that right atrial contraction is contributing to 
forward flow in the pulmonary artery. This is 
consistent with previous studies that have 
shown the effect of atrial contraction? al- 
though its haemodynamic importance has been 
doubted." It is difficult to explain the motion 
of the atrioventricular valve patch away from 
the left ventricle during atrial systole under 
these circumstances, however. The M mode 
recordings of the left atrioventricular valve 
confirmed that it opens shortly after the P wave 
on the electrocardiogram. It is possible that 
active contraction of the left atrium leads to an 
abrupt rise in left ventricular pressure so that 
right atrial pressure is exceeded, so pushing the 
patch towards the right atrium. An alternative 
explanation for this unexpected motion is that 
it results from an active process rather than a 
purely passive one. Previous studies have 
shown that the atrioventricular valve ring 
follows a similar pattern of motion,’ ? that is, 
with atrial systole it moves towards the atrium, 
away from the ventricular mass. This is 
explained by the pattern of insertion of atrial 
myocardium at right angles to the ring. Thus 
this motion may be explained if the patch, 
which is stitched on to or just above the 
atrioventricular valve ring, moves with this 
structure during atrial systole. 

Irrespective of the mechanism, it seems 
likely that loss of right atrial contraction in this 
patient would lead to a fall in cardiac output. It 
is certainly the case that loss of sinus rhythm in 
patients after the Fontan procedure 1s often 
associated with clinical deterioration, although 
this is clearly multifactorial. It is perhaps more 
controversial to suggest that synchronous atrial 
and ventricular pacing may be a possible 
approach to improving cardiac output in these 
patients, particularly when there is a normal 
heart rate and thus less dependence on the atrial 
contribution to ventricular filling. This is 
entirely speculative, however, and cannot be 
recommended without detailed haemodynamic 
monitoring. 

The early diastolic click that occurs after the 
Fontan procedure for double inlet left ventricle 
is related to the abrupt cessation of motion of 
the right atrioventricular valve patch towards 
the ventricle. In some patients right atrial 
contraction may make an important contribu- 
tion to forward flow in the pulmonary artery, 


which may be augmented when it coincides 
with ventricular systole. 
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Prinzmetal came to London to work with 
Lewis before the second world war and contin- 
ued his studies on arrhythmias even though 
this was no longer the main thrust of Lewis’s 
work; but Lewis’s influence persisted after 
Prinzmetal had returned to the United States 
to the Cedars of Lebanon Hospital in Los 
Angeles. During the war he and Lewis’s chief 
technician, John Honour, exchanged material 
on the Wolff-Parkinson-White syndrome. 
While Prinzmetal’s book on Auricular arrhyth- 
mias (written with several collaborators) is now 
mainly of historical interest, he is still remem- 
bered eponymously for his description of 
variant angina. His career was ended soon after 
this discovery by the onset of a debilitating 
illness which kept him housebound until his 
death three years ago (Lewis collection). 
DENNIS M KRIKLER 
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Figure 1 Pedigree of the 
patient (arrow) described 
in this report. Solid 
symbols indicate death 
trom hypertrophic 
cardiomyopathy; those 
represented by half filled 
symbols are alive but 
affected by hypertrophic 
cardiomyopathy Open 
symbols indicate that no 
clinical data are available 
The stippled symbol 
represents a patient with 
symptoms suggestive of 
hypertrophic myopathy 
who was never investwated 
clinically. Ages are given 
in parentheses, 





Sudden death in hypertrophic cardiomyopathy 
with normal left ventricular mass 


Barry J Maron, Amy H Kragel, William C Roberts 


Abstract 

An active, healthy, and symptom free 16 
year old boy with a family history of 
hypertrophic cardiomyopathy died sud- 
denly while walking home from school. 
Necropsy showed absence of left ven- 
tricular hypertrophy (that is, normal 
heart weight), though the characteristic 
histological abnormalities of hyper- 
trophic cardiomyopathy, such as cardiac 
muscle cell disorganisation and abnor- 
mal intramural coronary arteries, were 
present. It is likely that this patient had 
hypertrophic cardiomyopathy and died 
before left ventricular hypertrophy 
developed. 


Hypertrophic cardiomyopathy is a primary 
myocardial disease, often inherited, in which 
the morphological and clinical features are 
diverse.'* The most characteristic anatomical 
feature of the disease is left ventricular hyper- 
trophy in the absence of ventricular dilatation, 
unassociated with another cardiac or systemic 
disease which itself could produce left 
ventricular hypertrophy.” 

In patients with hypertrophic cardio- 
myopathy, however, left ventricular hyper- 
trophy is not always fully expressed within the 
first two decades of life.* In children with this 
disease left ventricular hypertrophy is often 
progressive or develops for the first time when 
body growth and maturation accelerate.’ ° 

Sudden death and cardiac arrest are the 
most devastating consequences of hyper- 
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trophic cardiomyopathy and they are most 
common in youthful patients with few or no 
symptoms?’* and substantial left ventricular 
hypertrophy.'?°° The boy with hypertrophic 
cardiomyopathy that we describe died sud- 
denly before the typical gross morphological 
features of the disease developed. 


Case report 
A 16 year old boy complained of feeling unwell 
at the end of the school day. Shortly afterwards 
he collapsed while walking home. Onlookers 
promptly started cardiopulmonary resuscita- 
tion, but these measures were unsuccessful. 

According to his mother, the boy had been 
active, healthy, and in generally good physical 
condition until the day he died. He had not 
been involved in competitive athletics, but had 
often participated in bowling and occasionally 
lifted weights. He used neither drugs nor 
alcohol. There was, however, a strong family 
history of cardiac disease’ (fig 1). His mother, 
brother, maternal aunt, and two maternal 
uncles have clinically and echocardiogra- 
phically confirmed hypertrophic car- 
diomyopathy. These relatives showed various 
patterns of asymmetrical left ventricular 
hypertrophy.'* The maximum ventricular sep- 
tal thickness in the relatives ranged from 17 
mm to 28 mm; none had systolic anterior 
motion of the mitral valve. The patient’s 
maternal grandmother died at age 42 with 
congestive heart failure of uncertain cause 
(heart weight at necropsy was 530 g). 

A complete necropsy was performed. The 
patient was 1-70 m tall and weighed 66 kg. He 
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was well developed and well nourished. Mass 
spectrophotometric analysis for over 300 drugs 
(including volatile alcohols, narcotics, anti- 
histamines, phenothiazines, barbiturates, syn- 
thetic narcotics, various sedatives, and cocaine) 
were performed on blood, urine, and lung 
tissue, and all were negative. All non-cardiac 
organs were normal. 

The heart weighed 330 g and was judged to 
be within normal limits for sex and body size 
(that is <345 g according to Ludwig,” <380 g 
by the standards of Reiner,! and <420 g 
according to Kitzman et al °). In addition, the 
absolute heart weight (and heart weight correc- 
ted for body weight) of the patient was the 
lowest among the 75 weighed specimens from 
male patients > 15 years old with hypertrophic 
cardiomyopathy who died of cardiac or non- 
cardiac causes and were studied in the Path- 
ology Branch from 1960 to 1988 (fig 2D). 

The epicardium was smooth and glistening 
and subepicardial adipose tissue was not 
increased. The ventricular and atrial chambers 
were non-dilated and the cardiac valves were 
normal (fig 2A). The thickness of the ven- 
tricular septum and left ventricular free wall 
did not exceed 15 mm (normal thickness <15 
mm) in nearly all segments of the left ven- 
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tricular wall (fig 2A). Limited portions of the 
distal (caudal) left ventricular free wall were up 
to 17 or 18 mm in thickness, Thickening of 
these small regions of wall were believed to be 
postmortem changes” -rather than: segmental 
hypertrophy,'‘ in view of the patient’s overall 
normal heart weight. There was no grossly 
visible myocardial necrosis or fibrosis nor any 
mural endocardial plaques. The epicardial 
coronary arteries were widely patent without 
evidence of atherosclerotic plaques. 

The sinoatrial and atrioventricular nodal 
areas were dissected, serially sectioned, and 
examined every 8 um; no abnormalities of the 
conducting tissue or small arteries were 
identified. In addition, seven transverse blocks 
of left ventricular myocardium were obtained, 
including four from the proximal (cephalad), 
middle, and distal (caudal) regions of the 
ventricular septum and three from the left 
ventricular free wall at the same levels. Histo- 
logical sections (6 um thick) were stained with 
haematoxylin and eosin and by the Movat 
method and examined by light microscopy. 

Numerous foci of disorganised cardiac mus- 
cle cells were identified in which adjacent cells 
or bundles of cells were arranged at oblique and 
perpendicular angles to one another (fig 2B). 
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We measured the overall extent of cellular 
disorganisation from photographic enlar- 
gements of the histological sections.'* Of the 
cardiac muscle cells analysed, 17% in the left 
ventricular free wall and 4% in the ventricular 
septum were judged to be disorganised. In 
addition, we identified eight abnormal intra- 
mural coronary arteries with thickened walls 
and apparently narrowed lumen” (five in the 
septum and three in the free wall) (fig 2C). 


Discussion 

All earlier studies of patients with hypertrophic 
cardiomyopathy who died suddenly (or 
survived a cardiac arrest) reported left 
ventricular hypertrophy and usually a con- 
siderable increase in left ventricular mass.'?° '¢ 
Our patient, however, did not show the gross 
morphological features that are typical of 
hypertrophic cardiomyopathy. The heart 
weight was within normal limits,'~"* and there 
was no mitral valve thickening, mural endo- 
cardial plaque in the left ventricular outflow 
tract, or left atrial enlargement. Therefore, the 
anatomical diagnosis of hypertrophic cardio- 
myopathy in our patient depended on the 
histological findings. For example, disorgani- 
sation of cardiac muscle cells in the left 
ventricular myocardium was more extensive 
than that found in diseases other than hyper- 
trophic cardiomyopathy or in normal con- 
trols.'* Using a previously described mor- 
phometric mapping technique,'* we calculated 
that cellular disorganisation constituted almost 
20% of left ventricular free wall myocardium 
(while the ventricular septum was less severely 
affected). In addition, we identified several 
abnormal intramural coronary arteries with 
thickened walls and apparently narrowed 
lumens, typical of those commonly seen in 
hypertrophic cardiomyopathy.” These his- 
tological findings and the family predisposition 
to hypertrophic cardiomyopathy (five had the 
disease) strongly suggest that he died of hyper- 
trophic cardiomyopathy before left ventricular 
hypertrophy developed. 

At present, members of families with hyper- 
trophic cardiomyopathy are advised that those 
relatives who seem to be unaffected by the 
disease (that is, do not show left ventricular 
hypertrophy on echocardiography) are not at 
that time at risk of sudden death or the develop- 
ment of symptoms. It is possible that the 
identification of other patients who die 
suddenly in the absence of hypertrophy will 
alter our perceptions about the course of hyper- 
trophic cardiomyopathy and our approach to 
the genetic counselling of affected families. 
None the less cases of sudden death from 
hypertrophic cardiomyopathy before left 
ventricular hypertrophy appears are likely to be 
uncommon. 
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We cannot be certain that left ventricular 
hypertrophy and wall thickening would not 
have developed in our patient. Indeed, 
previous echocardiographic studies have 
shown that children with a genetic predisposi- 
tion to hypertrophic cardiomyopathy can 
develop left ventricular hypertrophy for the 
first time during adolescence when body 
growth and development are accelerated.° 

Our patient seems to be an unusual example 
of an individual who was genetically pre- 
disposed to develop hypertrophic cardio- 
myopathy and who died suddenly before left 
ventricular mass increased. The only structural 
evidence of hypertrophic cardiomyopathy at 
necropsy was cardiac muscle cell disorganisa- 
tion and abnormal intramural coronary 
arteries. 
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Dilated and contracted forms of primary 
endocardial fibroelastosis: a single fetal disease 
with two stages of development 


AM Carceller, E Maroto, J-C Fouron 


Abstract 

Left ventricular endocardial fibro- 
elastosis was diagnosed by echocardio~ 
graphic scanning in a fetus at 20 weeks’ 
gestation. Repeated prenatal examina- 
tion over the next 20 weeks’ gestation 
showed the development of the left ven- 
tricle from a chamber with a dilated 
cavity to a small cavity with a very thick 
wall. These findings were confirmed at 
necropsy and by the absence of other 
morphological anomalies. 

The contracted form of primary 
fibroelastosis in the fetus must have 
followed an insult that prevented any 
further increase in the size of the left 
ventricular cavity. 


The classification of primary endocardial 
fibroelastosis as either dilated or contracted 
depends on the size of the left ventricular 
cavity.' So far only a few cases of the contracted 
form have been reported? and these were 
exclusively in neonates.’ There are only a few 
reports of the detection of primary endocardial 
fibroelastosis in fetuses by echocardiography.** 
In these cases, however, the dilated form of the 
disease only was reported in three infants at 28, 
35, and 36 weeks’ gestation respectively during 
a single evaluation. We used similar echo- 
cardiographic techniques to detect primary 
endocardial fibroelastosis in a fetus and follow 
the course of the disease over 20 weeks. 


Case report 

A 28 year old primigravida, without risk factors 
for congenital heart disease, was transferred to 
our fetal cardiology unit when a four chamber 
view of the fetal heart was found to be abnormal 
during routine obstetric ultrasonography at 
20 weeks’ gestation. Fetal echocardiography 
showed a dilated and hypotonic left ventricle 
with a very bright echogenic line over the 
endocardium which suggested fibroelastosis. 
The right ventricle was hyperdynamic. 
Hydrops fetalis was noted (ascites, pericardial 
and pleural effusions) (fig 1A). The mitral and 
the aortic valves were normally formed but 
with poor mobility. Pulsed Doppler assessment 
of intracardiac flows showed a very low peak 
velocity and velocity time-integrals through 
the mitral and aortic valves (fig 1B and C), 


whereas there was a considerable increase in 
pulmonary blood flow. 

The mother was given digoxin immediately. 
After 24 hours, she was put on a maintenance 
dose of 0:5 mg of digoxin. After a few days, the 
pericardial effusion disappeared but left ven- 
tricular contractility remained poor. Two 
months later, the fetal left atrium seemed to be 
slightly dilated and the interatrial septum 
bulged towards the right atrium (fig 2A). At 39 
weeks’ gestation, echocardiographic evalua- 
tions showed a decrease in the diameter of the 
left ventricular cavity which was associated 
with a thickening of the free wall with a very 
echogenic endocardium (fig 2B). At 40 weeks’ 
gestation, a male infant weighing 3-25 kg was 
delivered vaginally. Apgar scores were 8 and 9 
to 1 and 5 minutes respectively. Tests for viral 
infections were negative, Despite intensive 
cardiac support, the infant died seven days 
after birth. 

Necropsy showed a thickened left ven- 
tricular wall with a small cavity lined by a white 
layer that was consistent with the diagnosis of 
endocardial fibroelastosis (fig 2C). The diag- 
nosis was confirmed by microscopical examin- 
ation (Weigert and trichrome stains). The 
nutral orifice was smaller than normal (dia- 
meter 0 6 cm) but the mital valve leaflets were 
intact. The aortic valve was bicuspid with thin 
mobile cusps but the aortic root was only 0-4 
cm in diameter. The ductus arteriosus and the _ 
foramen ovale were patent. 


Discussion 

Despite the obvious difference between the 
dilated and contracted forms of primary endo- 
cardial fibroelastosis we think that it is wrong to 
assume that there are two distinct diseases with 
different aetiologies. Our patient shows that in 
a fetus primary endocardial fibroelastosis can 
start as the dilated stage of the disease and 
progress to the contracted stage. 

Though we did not seek histological 
evidence of fibroelastosis during gestation, the 
echocardiographic image of the endocardium 
was similar to the image at birth when there was 
histological confirmation of fibroelastosis. 
Because the fetal ventricles work in parallel, 
there are two possible courses after the onset of 
left ventricular failure early in gestation: either 
the right ventricle efficiently assumes almost 


Figure 1 A) 
Echocardiographic four 
chamber view of the heart 
at 20 weeks’ gestation. The 
left ventricle (LV) was 
dilated and a bright 
echogenic line was vistble 
over the endocardium ( E 
Pericardial fluid (F) was 
also seen. RV, right 
ventricle. (B) Blood flow 
velocity profiles through 
the mitral and (C) aortic 
valves. Left ventricular 
filling occurred chiefly 
during early diastole 





the entire circulatory load and fetal survival is 
possible or the right ventricle fails to cope with 
the new task and the fetus dies. The onset of 
endocardial fibroelastosis after birth also 
causes considerable left ventricular failure and 
because the ventricles now work in series 
survival depends upon the level of performance 
of both ventricles. 

We first saw our patient at 20 weeks’ gesta- 
tion at an early stage in the development of 
fibroelastasis. The echocardiographic images 
were compatible with endocardial fibroelas- 
tosis, the left ventricle was hypotonic, dilated, 


and hydrops fetalis also indicated the failure of 


the right ventricle. Only rapid treatment of the 
mother with digoxin prevented the death of the 
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fetus; and evidence of fluid retention disap- 
peared. The ensuing events were predictable— 
according to the dynamic concept of organic 
development’—the very low blood flow into 
the left ventricle stopped the growth not only of 
the left ventricle but also the inflow and 
outflow valves and the ascending aorta. At 
birth, after 40 weeks’ gestation the dimensions 
of the left-sided structures were those of a 28 
week old fetus. These results support the 
speculation made by Neill and Ursell’ that just 
as the size of the foramen ovale can be used as a 
marker for intra-atrial flow in utero, so the size 
of the ascending aorta can be used as an 
indicator of intrauterine flow through the 
aortic valve. We believe that the contracted 
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form of primary fibroelastasis evolves from a 
dilated form of the disease in utero. 


We thank Miss Susan P Drblik for her advice 
on this paper. 
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Figure? (A) An 
echocardiographic view of 
the interatrial septum (S 
bulging paradoxically 
towards the right atrium 
at 28 weeks’ gestation. The 
free wall of the left 
ventricle (LV) was thick 
and the endocardium was 
echogenic, (B) Four 
chamber view at 39 weeks’ 
gestation showing a left 
ventricular cavity (LV 
with a smaller diameter 
RV, right ventricle. (C 
The heart showing a small 
left ventricular cavity with 
dense white endocardial 
lining. The free wall was 
very thick 
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Cor triatriatum dexter: antemortem diagnosis in 
an adult by cross sectional echocardiography 


Anatole Trakhtenbroit, Pirzada Majid, Roxann Rokey 


Abstract 

Cor triatriatum dexter is a rare cardiac 
abnormality in which the right atrium is 
subdivided into two distinct chambers. 
This anomaly is generally attributed to 
the persistence of the right sinus venosus 
valve and it is frequently associated with 
severe malformations of other right heart 
structures. The antemortem diagnosis of 
the membrane may be difficult and its 
presence is often only established at 
necropsy. in a woman of 56 with Ebstein’s 
anomaly the echocardiographic features 
of cor triatriatum dexter were examined 
before and during cardiac catheterisa- 
tion. These investigations showed the 
position of the membrane, that there was 
no gradient between the two atrial cham- 
bers, and that there were perforations in 
the centre of the membrane. 


Cor triatriatum dexter or septation of the right 
atrium to form a triatrial heart is a rare cardiac 
condition caused by persistence of the embry- 
onic right valve of the sinus venosus.'? It is 
commonly associated with important abnor- 
malities of other right heart structures. Only 
those with less severe involvement of the right 
heart survive childhood.** Usually the abnor- 
mal membrane is first discovered at necropsy, 
but recent reports suggest the diagnosis can be 
established antemortem by cross sectional 
echocardiography.’ We describe a middle 
aged woman with echocardiographic findings 
of cor triatriatum dexter and Ebstein’s 
anomaly. The anatomical location of the mem- 
brane and its physiological effects were estab- 
lished during a combined echocardiographic 
and cardiac catheterisation procedure and these 
results were confirmed at surgery. 


Case report 

A 56 year old woman was admitted for assess- 
ment of frank cyanosis and clubbing of all 
digits; these had been progressing slowly for 15 
years. She sought medical attention when 
dyspnoea on exertion and fatigue increased in 
the two weeks before admission. She did not 
have palpitation, orthopnoea, chest pain, or 
oedematous feet. 

The jugular venous pressure was elevated 
and a prominent CV wave of tricuspid regur- 
gitation was noted. A right ventricular impulse 
was absent. The first heart sound was widely 
split and soft. The second heart sound was 
narrowed but not paradoxically split and the 


pulmonary component was soft. A right ven- 
tricular third heart sound was audible as was a 
JI/VI early decrescendo systolic murmur over 
the lower left sternal border which increased 
with inspiration. The liver was enlarged and 
pulsatile. 

The chest radiograph showed clear lung 
fields and a small aortic root. The atria and 
right ventricle were enlarged. An electrocar- 
diogram showed normal sinus rhythm with a 
normal PR interval (200 ms), a right ventricular 
conduction defect without QRS prolongation, 
and a Q wave in V1 and an S wave in V5 and V6. 
The left atrium was enlarged (fig 1). 


CROSS SECTIONAL AND DOPPLER 
ECHOCARDIOGRAMS 

The situs of the atria and viscera was solitus 
with concordant atrioventricular and ventric- 
uloarterial connections. A membrane measur- 
ing 7 cm in length divided the right atrium 
diagonally into two chambers forming a 
superomedial and inferolateral compartment. 
The membrane was very mobile during the 
cardiac cycle. During ventricular systole the 
central portion of the structure inverted 
towards the roof of the right atrium and during 
diastole it everted towards the right ventricle 
(fig 2). The tricuspid valve leaflets were dis- 
placed downward into the right ventricular 
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Apical four chamber echocardiogram of the heart during systole (left) and diastole (right). There was a 


large mobile membrane dividing the right atrium into two chambers (large arrow). The membrane inverted toward the 
roof of the right atrium during systole and everted toward the right ventricle during diastole. Displacement of the 
tricuspid valve consistent with Ebstein’s anomaly was also apparent (small arrows). LAS, interatrial septum; LA, left 
atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. 


cavity. No significant obstruction of flow be- 
tween the two right atrial chambers was detec- 
ted on the Doppler echocardiographic examin- 
ation. 

On the basis of the physical examination and 
echocardiographic findings, Ebstein’s anomaly 
and cor triatriatum dexter with no significant 
obstruction to venous flow was diagnosed. 


CARDIAC CATHETERISATION AND 
ANGIOCARDIOGRAPHY 

A combined cardiac catheterisation and 
echocardiographic procedure was performed. 
The right femoral artery, right femoral vein, 
and right internal jugular vein were cannu- 
lated. The venous catheters were advanced into 
the superior and inferior venae cavae. Echocar- 
diography of agitated saline injected into the 
inferior vena cava showed opacification of the 
superomedial right atrial compartment and 
shunting of contrast across the mid-interatrial 
septum into the left atrium. The contrast also 
streamed anterogradely into the lateral com- 
partment through multiple areas in the central 
portion of the right atrial membrane. When 
contrast was injected in the superior vena cava, 
the inferolateral right atrial compartment 


opacified before the superomedial compart- 
ment. Retrograde filling through the central 
portion of the membrane resulted in complete 
opacification of the medial chamber within two 
cardiac cycles (fig 3). 





Figure 3 


The superior vena cava catheter entered the 
right ventricle through the lateral right atrial 
compartment. The inferior vena cava catheter 
was seen in the medial right atrial chamber and 
easily passed through the mid-interatrial sep- 
tum into the left atrium. Despite repeated 
attempts, neither catheter could be passed 
across the right atrial membrane to enter the 
opposite atrial compartment. Though the cath- 
eters could not be placed through the mem- 
brane, as predicted by the earlier Doppler 
examination, no significant gradient between 
the two compartments was detected. The right 
ventricular, pulmonary artery, and left atrial 
pressures were normal. A bidirectional shunt at 
the mid-atrial level of 3-25 l/min (right to left 
and 0:25 l/min (left to right) was calculated 
from oximetric measurements and oxygen con- 
sumption. 

Angiocardiography of the right heart showed 
the displaced tricuspid valve leaflets, enlarged 
right atrium and right ventricle, and tricuspid 
regurgitation. Despite multiple projections, 
the membrane seen by echocardiography could 
not be shown during angiography. There were 
no atherosclerotic lesions of the coronary 
arteries, 


FURTHER COURSE 

Surgical intervention for tricuspid valve repair 
or replacement, closure of the atrial septal 
defect, and resection of the membrane was 





Modified apical four chamber echocardiograms obtained during cardiac catheterisation after injection of 


contrast through the inferior vena cava (left) and the superior vena cava (right). Injection of contrast through the 
inferior vena cava showed the initial opacification of the superomedial right atrial chamber and streaming of contrast 
through the central portion of the membrane into the inferolateral chamber. Injection of contrast through the superior 
vena cava showed opactfication of the inferolateral right atrial chamber. LA, left atrium; LV, left ventricle; RA, right 


atrium; RV, right ventricle. 
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recommended. At surgery, a large redundant 
fibrous membrane with multiple small cen- 
trally located fenestrations was found dividing 
the right atrium into two compartments. The 
membrane was attached inferiorly from the 
cristae terminalis to the inferior limbus of the 
interatrial septum. Anteriorly, the membrane 
was connected to the right atrium in a similar 
course. The coronary sinus and inferior vena 
cava were located to the left of the membrane 
and the superior vena cava to the right. The 
septal and lateral tricuspid valve leaflets were 
adherent to the right ventricular wall. There 
was an atrial septal defect of the patent foramen 
ovale type. Primary closure of the atrial septal 
defect, resection of the right atrial membrane, 
and insertion of a prosthetic tricuspid valve was 
performed. After operation the patient’s cyan- 
osis resolved and tricuspid regurgitation was 
no longer present. 


Discussion 

The membrane seen in the reported cases of cor 
triatriatum dexter is generally attributed to a 
persistence of the right sinus venosus valve.'?® 
This valve forms during atrial development 
when the sinus venosus and other structures 
are progressively incorporated into the devel- 
oping atria. By 12 weeks’ development, the 
superior portion of the valve is absorbed into 
the cristae terminalis. The remainder of the 
right valve typically disappears. However, 
small remnants of the mid and inferior aspects 
of the valve occasionally persist, forming the 
eustachian valve of the inferior vena cava or the 
thebesian valve of the coronary sinus respec- 
tively. Failure of the membrane to regress 
normally, with subdivision of the right atrium 
into two distinct chambers, and no separately 
identifiable eustachian valve is called cor 
triatriatum dexter. 

Necropsy data indicate a high incidence of 
congenital abnormalities, particularly of the 
right heart, in patients with cor triatriatum 
dexter.?° These findings are attributed to the 
substantial redirection of blood by the right 
venous valve away from the right ventricle and 
into the left atrium during embryogenesis.?°’ 
The most common malformations include an 
abnormal or underdeveloped right ventricle 
and pulmonary artery stenosis or atresia. 
Abnormalities of the tricuspid valve also occur, 
including Ebstein’s anomaly.’ ° 

To our knowledge the attachment of the 
membrane left of the superior vena cava but 
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right of the inferior vena cava and coronary 
sinus seen in our patient has not been described 
before. In a review by Doucette and Knoblich 
the most common location of the membrane 
was to the right of the superior vena cava, 
coronary sinus, and inferior vena cava and the 
second most common pattern found was when 
the membrane was to the left of the coronary 
sinus but to the right of the other two venous 
vessels.” Although the mid and inferior portion 
of the membrane in our patient most certainly 
arose entirely from the right sinus venosus 
valve, the superior aspect may have arisen from 
the persistence of a skewed septum secundum 
and the right sinus venosus valve.” 

Typical findings of cor triatriatum dexter at 
cross sectional echocardiography were con- 
firmed at necropsy in a neonate.’ In that 
patient, there were also two right atrial com- 
partments divided by an extensive membrane 
with superoinferior attachment. Contrast 
injection through the inferior vena cava showed 
complete right to left shunting of blood across a 
patent foramen ovale. In our patient, echocar- 
diography was also valuable in detecting the 
membrane and in further defining the presence 
of Ebstein’s anomaly. Using this imaging tech- 
nique during the catheterisation, we were able 
to determine the position of the membrane in 
relation to the great vessels whereas angio- 
graphy did not show its presence. The echocar- 
diographic procedure before and during cath- 
eterisation showed that there was no gradient 
between the two chambers on the Doppler 
examination and that there were perforations in 
the centre of the membrane on the contrast 
study. 
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Joint Training and Manpower Group representing the Specialty Advisory Committee and 
the Cardiology Committee of the Royal College of Physicians of London, and the British 


Cardiac Society 
1 Introduction 
1.1 In recent years the rapid development of 


1.2 


the technological aspects of cardiology 
means that trainees must now acquire 
not only clinical skills but also consider- 
able expertise in congenital heart disease, 
the new more interventional cardiac 
(coronary) care, catheterisation with 
coronary angiography, arrhythmia con- 
trol, complex pacemaking, cross sec- 
tional echocardiography with colour flow 
Doppler, nuclear cardiology, and meta- 
bolic disease—as well as knowledge of 
the non-invasive tests undertaken by 
physiological measurement technicians 
such as stress testing and ambulatory 
monitoring. They must also have an in- 
terest in epidemiology, prevention, re- 
suscitation, and rehabilitation together 
with experience in clinical or laboratory 
research. In addition, some of those 
planning a career in the specialty require 
rigorous training in interventional 
cardiology—namely percutaneous trans- 
luminal coronary angioplasty and 
balloon dilatation of valves. Others may 
be expected to take an interest in newer 
imaging methods. 

The distinction between type A and type 
B cardiologists has also become blurred 
and indeed outdated. Those who worked 
exclusively in cardiology used to be 
designated as type A, whereas type B 
physicians had responsibility for general 
medicine with a special interest ın car- 
diology. But the distinction 1s no longer 
officially recognised. Rather, there is a 
range of skills from the interventionalist 
cardiologist in major centres to the car- 
diovascular physician in district hos- 
pitals who may take some responsibility 
for general medicine and a share in the 
emergency “take”. But it is now quite 
common for newly appointed cardio- 
vascular physicians in district hospitals 
to have one or two weekly sessions at 
cardiac centres for the purposes of car- 
diac investigation including catheterisa- 
tion and coronary angiography. The 
advantages of these shared appointments 
are manifold; they include improved 
liaison, better retention and continuing 
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1.4 


upgrading of specialised knowledge and 
practical skills, continuity of patient 
care, the collaborative provision of 
facilities for some investigations and 
treatment (for example, permanent 
pacing and surgical follow up) that was 
previously undertaken only in cardiac 
centres. The benefits to the community 
in terms of convenience, time, and cost 
have been great. This tendency for joint 
appointments is likely to become a 
universal pattern, though at present 
geographical considerations and cost 
constraints sometimes have to be taken 
into account. 

Training in cardiology has always been 
onerous but it has become more so as 
technological advances have become 
established. Both instruction and ex- 
perience are necessary and both must be 
spread over several years if reasonable 
competence is to be attained in the 
relevant fields within the specialty. At 
the same time due regard must be paid 
to a broad knowledge of general 
medicine. The Specialist Advisory Com- 
mittee (SAC) has laid down that one of 
the years at senior registrar grade must 
be spent in general medicine and another 
in research. This remains the policy of 
the SAC and it is widely supported. The 
corollary, however, is that the present 
arrangements leave only two years at 
senior registrar grade for specialised 
training in cardiology. At least five years 
are needed—a figure that is not disputed 
by those in the specialty who seek to 
provide the range of skills demanded 
of them and one that accords with 
European recommendations for the type 
of cardiology needed for United King- 
dom practice. Exposure to cardiology is 
likely and desirable during general 
professional training for all physicians. 
This, however, cannot be relied upon 
because rotations vary. Moreover, such 
experience would not be adequate for the 
specialist cardiology needed in United 
Kingdom practice. 

The requirements of the SAC for wide 
experience during training as a senior 
registrar on the one hand and the need of 


318 


specialists to gain adequate experience in 
the range of cardiology on the other have 
forced a reappraisal of training recom- 
mendations in the light of College and 
Joint Planning and Advisory Committee 
(JPAC) proposals. An ad hoc training 
committee representing the Cardiology 
Committee of the Royal College of 
Physicians of London, the British 
Cardiac Society, and the SAC made new 
proposals for professional training. 
These were accepted in modified form 
by the full SAC. The new format has 
been discussed within the College and 
has been approved by the Joint Commit- 
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dently by our colleagues in cardiac 
surgery and now approved). Provision of 
two posts for higher medical training 
allows for broader experience, flexibility, 
competitive interchange, and the oppor- 
tunity for intervening research that we 
hold to be vital for the survival of 
academic cardiology. Although we 
would prefer to lose the term 
“registrar”, it may avoid confusion for 
the moment if specialty training 1 is 
called “registrar in cardiology’ and 
specialty training 2 is called “senior reg- 
istrar in cardiology”. Better terms will 
be introduced in the future. 


tee for Higher Medical Training. 2.4 Accreditation will follow after five years 
of specialty training which will come for 
some individuals after only the second 
2 New SAC proposals for cardiology year of block 2 if a year in research is 
2.1 The table shows the scheme. Training in recognised by the SAC. We emphasise 
cardiology is envisaged as taking a that a year in general medicine must be 
minimum of nine years from registration an integral part of this second block to 
rather than the seven years for some equip trainees for the type of cardio- 
medical specialities. The additional time logical practice that is most common 
taken for training in specialist cardiology within the United Kingdom. Those 
compared with general medicine is planning a career in interventional car- 
recognised in other countries—including diology are likely to require an extra year 
now (we understand) within most of of training, though that will depend on 
Europe. individual circumstances and is not 
2.2 The Joint Training and Manpower regarded as mandatory. 
Group and the SAC regard as essential 2.5 The European proposals for the mono- 
the ready integration of the new pro- specialty section on cardiology 
gramme with that of general medicine (European Union of Medical Specialists) 
already approved by JPAC. Thus we has independently set five years of 
propose no change in the three years of specialty training as the European stan- 
postregistration general professional dard for hospital cardiologists. Thus our 
training. Trainees should usually have proposals are compatible with the plans 
the MRCP (membership of Royal for training in medicine as a whole, and 
College of Physicians) by this time. match exactly the schemes for cardio- 
2.3 The major change occurs after that thoracic surgery in the United Kingdom 
point. We envisage two blocks of three and for cardiology within Europe. 
years (similar to that planned indepen- Though this was fortuitous, the advan- 
Proposed training programme 
Mandatory years Opnional years Notes 
Undergraduate medical training 1 1 BSc or equivalent 
1 
1 
1 
Qualifying degree 1 
Preregistration 1 House surgeon/physician 
Postregistration general professional l Senior house officer 
training (MRCP by thus tume) 1 Registrar 
1 Research fellow 
a) 
ENROL 1 t 
Specialty traming | 1 } iH Registrar 
1 
MD by this nme i Research fellow 
i ; 
Specialty traimng 2 1 } 1 year general medicine Senior registrar 
1 
ACCREDITATION 
Additional training (1) For interventional cardiology or 
SA GIM if necessary (safety 
net, 





Total of nine to 12 years from registration GIM, general mternal medicine. 
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Numbers of cardiovascular 
physicians in England and 
Wales in 1980-89. 
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tages are clear; indeed any scheme in the 
United Kingdom that did not match that 
in Europe would have very serious con- 
sequences in later years. 

The new training programme proposed 
by the SAC is set out in detail in the 
minutes of their meeting of 2 October 
1989. 


Consultant posts within England 
and Wales 

There are 257 cardiologists for adults in 
England and Wales,’ according to a 
definition accepted within the specialty. 
This has three requirements: (a) a 
special interest in cardiology; (b) ap- 
propriate training in the specialty; (c) a 
work pattern with at least 40% of the 
time devoted to cardiology. 

There are in addition 33 paediatric car- 
diologists, though this number is widely 
regarded as inadequate (several vacan- 
cies have not been filled in recent years 
because of the shortage of suitably 
qualified senior registrars). 

The number of cardiologists overall has 
grown by 30% over the past nine years 
(see figure). 

Forty five health districts in England 
and Wales have no physician meeting the 
definition above,' though a report from 
the Royal College of Physicians of 
London and the Royal College of 
Surgeons of England recommended that 
every health district with four or more 
physicians should have one.” The British 
Cardiac Society believes that each large 
district (over 250 000) needs two.? 

In addition, we lag considerably behind 
even conservative estimates of the need 
for coronary artery bypass grafting, and 
this has implicanons for angiography. 
Waiting lists for angioplasty are long and 
growing. No control is exerted on the 
exposure of cardiologists to the radiation 
needed for interventionalist cardiology. 
For staffing levels at major centres to be 
adequate to meet even the modest targets 
for intervention made five years ago,? 
and if reasonable targets for treatment 
and radiation exposure to physicians 
were met, we would need at least 60 
more cardiologists within the centres. 
While we realise that we will not achieve 
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an increase of approximately 100 posts in 
the foreseeable furure (45 as in 3.2, +60 
as in 3.3, disregarding the bigger dis- 
tricts), the need for expansion is both 
clear and urgent. The United Kingdom 
has six cardiologists per million popula- 
tion, Europe as a whole has 45, and the 
United States has 60. 

The growth rate in consultant posts in 
cardiology has been approximately 3% 
per annum. Even 5% per annum would 
leave us in difficulties for a generation or 
more. We hope that we can achieve at 
least this modest figure. 


Senior registrar posts within 
England and Wales 
The Joint Planning and Advisory Com- 
mittee has accepted’ ((SC) 89/38) a need 
for senior registrars in cardiology to cover 
an annual growth of seven posts per year 
with six replacement posts, plus a small 
allowance for an increased growth that is 
needed and is indeed already occurring. 
We therefore retain 56 senior registrars: 
(7 + 6) x 4 = 52 

52 + 4 (additional allowance) = 56 
We hope that at least two of these 56 posts 
will be available for part timers (job 
share). Ten research posts are included. 
We expect a larger growth rate than at 
present, and we believe that this will be 
shown in our next survey due in mid 
1990. There has been a rapid turnover in 
senior registrars in the past two years. 
The present shortfall of fully trained 
senior registrars is not restricted to 
paediatric cardiology: some recent posts 
have attracted no more than two appli- 
cants, and two recent appointees to con- 
sultant posts in district general hospitals 
were not by then accreditable and must 
complete their accreditation in post. This 
is not a desirable trend. Moreover, from 
1996 we face an appreciable increase in 
the number of consultants retiring. The 
numbers of senior registrars should 
therefore increase to take account of these 
trends, but the increase will be attenuated 
if senior registrar posts are to be equated 
with specialty training 2 which lasts for 
only three years since the multiplier (see 
4.1) becomes three instead of four. We 
expect that the need for more senior 
registrar posts on the one hand but the 
quicker throughput on the other will 
come close to balancing out. We do not 
underestimate the importance of this cal- 
culation, because the change could affect 
12 or 13 posts. The new pattern of 
training cannot be fully in place until 
1996 at the very earliest, and our projec- 
ted 5% growth rate does suggest that the 
figures are likely to match fairly closely. 
The position will be reviewed frequently 
by ourselves and with the Joint Planning 
and Advisory Committee. 
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5 Registrar posts within England and 


- Wales 


5.1 If the SAC proposals are accepted—as 
they have been in principle by the Joint 
Committee for Higher Medical Training 
—then protection of posts for specialty 
training | is implied and indeed becomes 
mandatory because the two 3 year 
specialty training periods must be closely 
linked. 

5.2 The numbers should be the same as the 
numbers in specialty training 2 (senior 
registrars) plus an allowance for wastage. 
Some individuals will spend only two 
years in specialty training 2 but others 
wishing to pursue a career as interven- 
tionalists may spend four years. For plan- 
ning purposes we believe that three years 
can be taken as the norm. 

5.3 Specialties vary in their opinions on 
wastage at registrar level. We have seen 
estimates ranging from 0% to 25%. We 
have no hard data for cardiology. We are 
aware that training in cardiology is per- 
ceived as being valuable for trainees in the 
pharmaceutical industry, and another 
source of wastage comes from the many 
who find the specialty too demanding. We 
believe our figure for wastage should be 
set at 15%, with acknowledgement this is 
only a “best guess”. 

5.4 The numbers of protected posts for 
specialty training 1 should therefore be: 


56 x 115/100 = 64 
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5.5 The posts in specialty training 1 (‘‘regis- 
trar”) should be inspected by the SAC to 
ensure that the structure of the training 
meets the demands that will be expected 
both in the United Kingdom and in 
Europe. 

5.6 Our last survey of registrars (cardiology, 
cardiology plus general medicine, general 
medicine plus cardiology, research orien- 
tated towards cardiology) was carried out 
in 1987. The total numbers identified 
were 212 but the numbers were not 
verified. 

5.7 Two points must be emphasised, how- 
ever, Firstly, many of these individuals 
were not expecting to make a career in 
cardiology, and some who did had no 
realistic prospects of doing so. Secondly, 
the structure of grades identified in this 
survey bears little relation to the grade we 
have called specialty training 1 which will 
be part of a structured professional train- 
ing programme. 


1 Chamberlain D, Bailey L, Sowton E, Ballantyne D, Boyle D 
McC, Oliver M. Stating in cardiology in the United 
Kingdom 1988 fifth bienmal survey. Br Heart J 1989, 
62.482-7 

2 Provision of services for the diagnosis and treatment of heart 
disease in England and Wales. Third Report of a Joint 
Cardiology Committee Royal College of Physicians of 
London and The Royal College of Surgeons of England 
Br Heart J 1985,53 477-82. 

3 Cardiology in the district hospital Report of a working 
group of the Brush Cardiac Society. Br Heart J 1987, 
$8:537-46. 





NOTICES 





British Cardiac Society 

The Annual General Meeting will take place at 
the English Riviera Centre, Torquay on 22 to 
25 May 1990. The closing date for receipt of 
abstracts was 19 January 1990. 


Cardiac ultrasound 

The Fifth Bristol Cardiac Ultrasound Course 
will be held at the Bristol General Hospital on 
17 and 18 July 1990 (cardiac imaging—M mode 
and 2D) and 19 and 20 July 1990 (Doppler 
echocardiography—including colour flow). 
Further details from Dr Peter Wilde, Depart- 
ment of Radiodiagnosis, Bristol Royal Infir- 
mary, Bristol BS2 8HW. Telephone (0272) 
230000, Ext 2690. 


Computers in cardiology 

The Seventeenth International Conference on 
Computers in Cardiology will take place in 
Chicago on 23 to 26 September 1990. Inquiries 
to Dr Robert Arzbaecher, Computers in Car- 
diology, 10 West 32nd Street, Chicago, IL 
60616-3793,USA. 


Multiple risk factors in cardiovascular 
disease 

An International Symposium on Multiple Risk 
Factors in Cardiovascular Disease will take 
place in Washington, DC on 10 to 12 December 
1990. Further information from the Organising 
Secretariat: c/o Dr Marjorie G Horning, 
Baylor College of Medicine, One Baylor Plaza, 
Houston, Texas 77030, USA, or, for Europe, 
Fondazione Giovanni Lorenzini, Via Monte 
Napoleone, 23-20121 Milan, Italy. 


Journées Européennes de Cardiologie 
Premiéres Journées Européennes de la Société 
Frangaise de Cardiologie dans Paris sur 18 et 19 
Janvier 1991. Information: Société Frangaise 
de Cardiologie, 15 rue de Madrid, 75008 Paris, 
France. Registration: Albine Conseil, 16 
boulevard du Parc, 92200 Neuilly sur Seine, 
France. 
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Editorial 





Percutaneous transluminal coronary angioplasty: what next? 


The concept of treating heart disease by means of intravas- 
cular catheters was first suggested by Werner Forssmann 
in 1929.! These principles, however, lay dormant for 
almost half a century until 1978 when Andreas Gruentzig 
introduced percutaneous transluminal coronary angio- 
plasty.? Gruentzig was an imaginative and daring physician 
who envisaged that coronary revascularisation could be 
achieved by a minor non-surgical procedure if miniaturised 
balloons were used to dilate coronary artery stenoses. 

Over the past decade the use of percutaneous trans- 
luminal coronary angioplasty has grown rapidly. This year 
about a quarter of a million percutaneous transluminal 
coronary angioplasty procedures will be performed in the 
United States alone. Percutaneous transluminal coronary 
angioplasty can successfully treat single, double, and triple 
vessel disease and, in properly selected patients, can 
achieve similar results to open chest surgery. There are 
now more percutaneous transluminal coronary angioplasty 
procedures than coronary bypass operations in western 
countries. 

Despite the success of percutaneous transluminal coron- 
ary angioplasty during the past decade, several problems 
remain to be solved. Although most lesions, even the 
tightest ones and those found in the most remote sites, can 
be crossed and satisfactorily dilated by modern low profile 
angioplasty balloons, the short term and long term results 
remain unpredictable. About one in 20 percutaneous 
transluminal coronary angioplasty procedures results in 
occlusion (often abrupt) of the vessel,’ sometimes requiring 
emergency surgery. Of those patients who have an initially 
successful percutaneous transluminal coronary angio- 
plasty, one in three has only temporary relief of symptoms; 
the lesion, for reasons that are not yet wholly known, recurs 
within a few weeks or months.‘ In consequence, about 40% 
of patients undergoing percutaneous transluminal coron- 
ary angioplasty will not achieve a long term benefit from 
this ‘‘minor” procedure. 

In the early years the enthusiasm for revascularisation of 
the myocardium via the natural routes of the circulation 
and without the need for surgery overwhelmed any scepti- 
cism. With increasing experience, however, many car- 
diologists became concerned about the high rate of resten- 
osis and the need for repeated dilatations. Not infrequently 
three, four, or more dilatations would be required before 
recurrence was finally prevented, and this reduced sub- 
stantially the effectiveness of this otherwise elegant 
procedure. Health authorities became aware of the cost of 
repetitive interventions, patients worried about excessive 
morbidity, and physicians became frustrated. Various 
solutions to these problems were proposed. Because 
thrombosis was believed to be an important factor, several 
expensive trials of different antithrombotic regimens were 
undertaken. Although these agents were effective in reduc- 
ing the acute problems, none reduced the restenosis.’ Anti- 
inflammatory drugs, intended to reduce tissue prolifera- 
tion, were also ineffective.® The possibility that vasomotor 
tone affected the genesis of restenosis led to the use of 


calcium channel blockers, but no significant reduction of 
restenosis was shown.’ The results of giving dietary 
supplements of fish oil were conflicting. Currently, several 
large clinical trials with different enzyme inhibitors are 
either under way or about to be launched. 

Mechanical approaches have included longer inflations 
and over-inflations intended to optimise the initial result, 
the removal of plaque material with the help of complex 
catheter systems (fluid jets, drills, shavers, lasers), and the 
permanent implantation of miniaturised endoluminal sup- 
port devices (stents) made of metal or other biologically 
compatible substances. 

Though removal of atheromatous material gives a fasci- 
nating insight into the histological composition of resten- 
oses, it does not seem to reduce the rate of restenosis." 
Atherectomy may help to direct further research but so far 
it has not improved results. Laser ablation too has been 
beset by technical and safety problems for many years; 
preliminary clinical observations indicated few acute 
problems but the restenosis rate, at least for lasers that 
produce local heat, was disappointingly high.’ The 
restenosis rates after excimer laser ablation are as yet 
unknown. 

The results with stents are more encouraging. If the 
acute phase passes without thrombosis then restenosis 
seems to be rare.''!? The incidence of restenosis varies 
slightly according to the type of stent implanted, but can be 
well below the usual 33%. For self expanding mesh stents 
we found restenosis rates of under 10% in native arteries 
and only slightly higher in bypass grafts,” which without 
stenting tend to produce many restenoses. If the 
incidence of percutaneous transluminal coronary angio- 
plasty procedures remains stable, such a reduction in 
restenosis rate would produce substantial savings—about 2 
billion dollars per year in the United States. Stents were 
also effective in the management of acute occlusion after 
percutaneous transluminal coronary angioplasty” and 
restenosis is rare in patients who have stents for this 
indication. 

Physicians are reviewing their attitudes to percutaneous 
transluminal coronary angioplasty. Marketing reports 
indicate that the growth of percutaneous transluminal 
coronary angioplasty in the United States is slowing; for 
1989 the increase over 1988 is estimated to be 9%—a 
considerably smaller increase than in earlier years. The 
reasons for this change are complex; certainly if the 
demand for percutaneous transluminal coronary angio- 
plasty is about to level out competition among centres 
should encourage better quality control and should deter 
operators with a weak performance record. This change in 
attitude, however, largely results from the increasing 
appreciation of the limitations of percutaneous trans- 
luminal coronary angioplasty. The results of studies such 
as TIMI II have clearly added to this trend.’ 

For the first 10 years of experience with the procedure, 
percutaneous transluminal coronary angioplasty was a 
rather crude way of treating diseased arteries. I am 
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convinced that the best is yet to come. In future per- 
cutaneous transluminal coronary angioplasty is likely to 
focus on hybrid therapeutic strategies: pressure remodel- 
ling with balloons; removal of atherosclerotic material if 
necessary (possibly under angioscopic vision) by cutters, 
drills, or lasers that analyse their target before destroying it; 
and last but not least, supporting the artery with non- 
thrombogenic, possibly biodegradable stents. These stents 
must be easily implantable and must limit proliferation. 
The technology exists: we have to direct our imagination 
and research towards the choice of implantable materials 
and local delivery systems for drugs that modulate the 
control of vasomotor tone and promote optimal healing of 
the vessel wall. Most importantly, we need to identify and 
eliminate the stimuli that lead to atherosclerosis and 
restenosis. 


ULRICH SIGWART 
The Royal Brompton and National Heart Hospital, 
London SW3 6HP 
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Restrictive cardiomyopathy 


Several cardiomyopathies show restrictive haemodynamic 
characteristics at some stage of their development. At 
earlier stages arrhythmias may occur, whereas later some 
progress to a haemodynamic picture that is reminiscent of 
dilated cardiomyopathy. During their restrictive phase it 
can be difficult to distinguish these cardiomyopathies from 
constrictive pericarditis and _ restrictive-obliterative 
endocardial disease (Loeffler’s endocarditis and 
endomyocardial fibrosis). With a few exceptions (for 
example, haemochromatosis), there is no specific treatment 
for restrictive cardiomyopathies. The main reason for 
making an accurate diagnosis is to exclude constrictive 
pericarditis which is eminently curable. Also some patients 
with endocardial disease benefit if the abnormal endocar- 
dium is stripped.’ In addition, some histological appear- 
ances are definitely associated with inherited conditions 
(for example, Fabry’s disease) and others are also probably 
familial (for example, myocyte hypertrophy (our unpub- 
lished observations)) and genetic counselling may be 
indicated. 

By restriction we mean that systolic function is less 
affected than diastolic function and in particular that there 
is an abnormality of filling rather than of relaxation. One 
description of restrictive haemodynamic function is “rapid 
completion of filling of a poorly complaint ventricle in early 
diastole, with little or no further filling in late diastole”. 
Though there is poor compliance of the ventricles the peak 
filling rate is higher than normal, possibly as a result of 
augmented ventricular diastolic suction.’ The situation is 
thus analogous to pericardial disease causing constriction 
or tamponade. But individuals with dilated and hypertro- 
phic cardiomyopathies can also show similar haemodyn- 
amic characteristics,’ as do some individuals with normal 
hearts if their filling pressures are raised. Moreover, not 
everyone with restrictive filling shows rapid completion of 
filling in early diastole. In some cases treatment with 
diuretics can cause a relatively low filling pressure at 
investigation. Also, some individuals with a poorly 
compliant ventricle with normal volumes but high filling 
pressures and one of the histological appearances charac- 
teristic of restrictive cardiomyopathy can show rapid 
completion of ventricular filling in early diastole whereas 
others with a similar histological appearance show gradual 
slow ventricular filling throughout diastole. Both filling 
patterns may be seen in amyloidosis, * but we have also 
seen them in restrictive cardiomyopathies with other 
histological appearances. 

Usually patients with restrictive cardiomyopathy have 
normal ventricular volumes but raised filling pressures. As 
a result in restrictive cardiomyopathy atrial dimensions are 
often increased; this is rarely the case in constrictive 
pericarditis. In both constriction and restriction there is 
characteristically rapid completion of ventricular filling in 
early diastole so that the ventricular diastolic waveform has 
a dip and plateau (square root sign) configuration, but this 
is not always true.°® Filling and the ventricular diastolic 
waveform are affected by heart rate,’ ê degree of hydration, 
and stage in the disease process** so that in some 
individuals filling is more gradual. The left and right 
ventricular end diastolic pressures are usually nearly 
identical in constrictive pericarditis but often the left 
ventricular end diastolic pressure is at least 5 mm Hg 


higher than the right in restrictive cardiomyopathy.** 
Unfortunately this is not an absolute sign. Diastolic 
ventricular pressure can differ if there is localised constric- 
tion or a coincident cardiac abnormality in patients with 
pericardial disease. Moreover, some patients with restric- 
tive cardiomyopathy maintain a constant relation of ven- 
tricular diastolic pressures even when filling pressures are 
altered. 

We and others?’ believe that endomyocardial biopsy is a 
useful method of distinguishing restrictive cardiomyo- 
pathies from constrictive pericarditis and endomyocardial 
fibrosis. A specific condition such as iron storage disease, 
Fabry’s disease, sarcoidosis, or glycogen storage disease 
may be diagnosed.’° Though non-specific histological 
features, such as interstitial fibrosis and (according to our 
unpublished observations) myocyte hypertrophy are com- 
mon, many patients with restrictive haemodynamic func- 
tion have amyloidosis. This condition cannot be excluded 
purely on the basis of light microscopy.’ Electron micros- 
copy of myocardial tissue can confirm the diagnosis when 
light microscopy is negative? though care should be taken to 
distinguish between recently formed perimyocyte collagen 
and amyloid. The presence or absence of amyloid deposits 
in other organs is not absolutely predictive of cardiac 
involvement.®!! 17 

Cardiac amyloidosis may present in several ways. Ar- 
rhythmias or angina despite angiographically normal 
coronary arteries can precede the onset of cardiac failure. 
Myocardial ischaemia may be the result of small vessels 
being affected by amyloidosis,” or of the great degree of 
ventricular wall thickening seen in this condition." ” 
Amyloidosis may also mimic hypertrophic cardio- 
myopathy because it can cause asymmetrical septal thick- 
ening.” © The ventricles can be dilated with reduced 
ejection fractions in the later stages of the disease.!*? 
Sometimes the individual patient with amyloidosis can 
have features intermediate between all three types of 
cardiomyopathy—for example, asymmetrical septal thick- 
ening, angina, heart failure, abnormal diastolic function, 
and a reduced ventricular ejection fraction. 

Technetium-99m pyrophosphate scintigraphy has been 
suggested by some to be a useful adjunct in the diagnosis of 
amyloid heart disease,'**! as has the presence of a granular 
sparkling myocardial appearance on echocardiography." 
Frequent false negative results, however, impair the sen- 
sitivity of these techniques." 

Patients with restrictive cardiomyopathy occasionally 
have normal endomyocardial biopsy specimens.’ When 
this happens a diagnosis of constrictive pericarditis may 
have been missed, though patchy infiltration, for example 
by sarcoidosis, is possible.” Other methods should always 
be used to exclude the presence of constrictive pericarditis 
if histological examination shows normal myocardium or is 
inconclusive. The consequences of missing a diagnosis of 
constriction can be serious. Whereas important atrioven- 
tricular valve regurgitation is much more common in 
restrictive cardiomyopathy than in pericardial constriction, 
this clinical sign is unhelpful in individual patients. Valve 
regurgitation and pericardial constriction can coexist”** 
particularly when rheumatic carditis is the cause. Pericar- 
dial constriction often occurs without calcification in 
rheumatic disease. Indeed, pericardial constriction was 
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seen without any detectable pericardial calcification on 
chest x ray in 30-70% of cases.” ” Pericardial thickening 
on echocardiography is also unreliable.” Computed 
tomography and magnetic resonance imaging may be 
better methods of detection. 

There were significant differences between the indices 
derived by digitised M mode echocardiography (par- 
ticularly the peak rate of thinning of the posterior wall 
during early diastole) from patients with constrictive 
pericarditis and restrictive cardiomyopathy.”” Unfortun- 
ately, overlap of values between the two groups means that 
these statistically significant differences do not produce a 
clinically useful discriminant. Recent observations suggest 
that Doppler echocardiography may prove to be a highly 
sensitive method of distinguishing between constriction 
and restriction.” The respiratory variation in left ven- 
tricular isovolumic relaxation time and peak early mitral 
flow velocity distinguished clearly between constrictive 
pericarditis and restrictive cardiomyopathy. Unfortunately 
the number of patients in this study was small and it has 
some limitations, which the authors recognised. These 
observations need to be confirmed in a larger study. 

When doubt remains about the presence of constrictive 
pericarditis or restrictive cardiomyopathy exploratory car- 
diotomy should be performed.” Even then removal of a 
thickened pericardium may not cure the patient. Restric- 
tive cardiomyopathy and constrictive pericarditis can co- 
exist if they have a common cause, such as radiation 
fibrosis.” * 

Though pericardial constriction and endomyocardial 
fibrosis can be treated by pericardectomy and endocardec- 
tomy,' most causes of restrictive cardiomyopathy have no 
specific treatment. Patients with iron storage disease may 
benefit from venesection or chelation of iron.” Specific 
medical treatment for cardiac amyloidosis does not increase 
life expectancy.” 

Non-specific treatment for heart failure should be used 
with caution in patients with restrictive cardiomyopathies. 
Because these patients require a high filling pressure to 
maintain their cardiac output, the results of using diuretics 
or vasodilators may be deleterious. These include severe 
hypotension and cardiogenic shock. There are also anec- 
dotal reports of extreme sensitivity to cardiac glycosides 
and f blocking drugs.” ” 

The reports of prognosis in patients with restrictive 
cardiomyopathies are highly variable. This is because most 
reports are of small, heterogeneous groups of patients. The 
cause of the cardiomyopathies and the severity of the heart 
failure at the time of presentation, as well as concomitant 
events (such as embolic phenomena and arrhythmias) will 
affect prognosis. In a large series of patients with 
amyloidosis, the median survival of patients with heart 
failure was 6 months from onset of symptoms.* In patients 
with primary restrictive cardiomyopathy, one group repor- 
ted no deaths in a series of nine patients followed up for 16— 
42 months.” The experience of others has been less 
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Abstract 

Nine thousand three hundred and 
seventy six male civil servants, aged 
45-64 at entry, with no clinical history of 
coronary heart disease, were followed 
for a mean period of 9 years and 4 
months during which 474 experienced a 
coronary attack. The 9% of men who 
reported that they often participated in 
vigorous sports or did considerable 
amounts of cycling or rated the pace of 
their regular walking as fast (over 4 
mph, 64 km/h) experienced less than 
half the non-fatal and fatal coronary 
heart disease of the other men. In addi- 
tion, entrants aged 55-64 who reported 
the next lower degree of this vigorous 
aerobic exercise had rates less than two 
thirds of the remainder; entrants of 45- 
54 did not show such an effect. When 
these forms of exercise were not vigorous 
they were no protection against the dis- 
ease, nor were other forms of exercise or 
high totals of physical activity per se. A 
history of vigorous sports in the past was 
not protective. Indications in these men 
are of protection by specific exercise: 
vigorous, aerobic, with a threshold of 
intensity for benefit and “dose response” 
above this threshold, exercise that has to 
be habitual, and continuing, which sug- 
gests that protection is against the acute 
phases of the disease. Those men who 
took vigorous aerobic exercise were 
demonstrably a favourably “selected” 
group; they suffered less of the disease, 
however, whether at low risk or high by 
the several risk factors that were 
studied. Men with  exercise-related 
reduction in coronary heart disease also 
had lower death rates from the total of 
other causes, and so lower total death 
rates than the rest of the men. 


Initial observation that middle aged men in 
jobs that require physical activity have a lower 
incidence of heart attack than comparable men 
in sedentary jobs’ prompted the hypothesis 
that high totals of physical activity in leisure 
time would protect sedentary workers.” Pros- 
pective survey of such men in the civil service, 
however, did not corroborate this. Only those 
reporting vigorous aerobic exercise showed 
substantially less coronary heart disease. 


Vigorous exercise included the most stren- 
uous activities of these men, so it was well 
above their normal levels of activity, and it 
was further defined as being liable to entail 
peaks of energy expenditure of 7-5 kcal/min, 
31:5 kJ/min (say > 6-0 resting equivalents 
(METS) and > 65% of maximum oxygen 
uptake). This is usually adequate, it may be 
postulated, to produce and maintain a car- 
diorespiratory training effect in such a 
population.?* 

It is hazardous, however, to generate a new 
hypothesis post hoc from the same data set. 
Furthermore, in an admittedly different 
population of American men, though players 
of vigorous sports showed the lowest coronary 
rates, there was some protection also in a 
minority who took less intense aerobic exer- 
cise, and thus had high totals of leisure 
activity (> 2000 kcal per week)’ (and Paf- 
fenbarger et al, 1988, personal communica- 
tion). As well as questions about the kind of 
exercise that is protective against heart dis- 
ease, of a postulated threshold for benefit and, 
in general, how to represent physiological 
“training” in a population study, many other 
issues must be considered. These are: the 
effects of advancing age; the possibility of 
other causes of death occurring among those 
protected, or being diagnosed instead; the 
interaction of exercise with other behaviours, 
and with standard risk factors; the multiplicity 
of possible mechanisms for the protection now 
being proffered—and the abiding question of 
possible self selection for exercise and against 
heart attack. In the hope of shedding further 
light on such issues a prospective survey was 
launched. 


Subjects and methods 

In the autumn of 1976 all male executive 
officers aged 45-64 in post in the Department 
of Health and Social Security and in Inland 
Revenue throughout Britain were invited to 
participate. These officers are (or were) a white 
collar middle management grade, a narrow 
though not untypical, homogeneous and stable 
educational/occupational/economic band of 
the middle class, engaged in sedentary or 
physically light office work. Highty two per 
cent of the men readily agreed, yielding 9376 
respondents after exclusion of the 6% with a 
history or record of clinical coronary heart 
disease. They constitute the study cohort who 
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were followed until 30 April 1986. They were 
asked to give a detailed account of physical 
activity in the previous 4 weeks in a question- 
naire designed (after pilot interviews) to be 
comparable with the national data of the 
General Household Survey"? (and personal 
communication, OPCS, 1979). The intensity 
and energy demands of the activities reported 


were derived as best we could from 
physiological studies?*®""* to provide the 
broad gradings required. 


A 25% random sample of the completed 
questionnaires was drawn, coded indepen- 
dently and in full by two clerical officers, and 
checked and reconciled, as occasionally 
required, by MGE; this sample was multiplied 
by four to estimate our total population data. 

As before’ ‘ the Occupational Health Service 
of the Civil Service reported, in confidence, 
major morbidity among all men (episodes of 
sickness absence over 30 days in one year or 
within two consecutive years, with their cer- 
tified cause; and episodes of any duration 
certified as cardiovascular disease) together 
with the man’s medical history. The diagnoses 
thus were derived from information provided 
by the men, by the men’s general practitioners, 
and by weekly certificates from National 
Health Service hospitals. In a few instances 
where no categorical diagnosis had been made, 
we ourselves checked with the doctors and 
hospitals for the clinical details. ‘There were 
also a small number of retirements on medical 
grounds. These men normally retire at 60, so 
we disregarded morbidity after 60. All this 
yielded 202 non-fatal cases during the follow 
up: these were the first recognised clinical 
episodes of coronary heart disease in men aged 
45-59; in most these were “‘coronary throm- 
bosis/acute myocardial infarction” with a few 
cases of angina pectoris or coronary insuf- 
ficiency. 

Deaths were notified by the departments and 
the Paymaster General; all men in the survey 
were also flagged at the National Health 
Service Central Registry which routinely sent 
copies of death certificates. All these were 
processed by the Medical Division of the Office 
of Population Censuses and Surveys and those 
classified as coronary heart disease (ICD 410- 
414) as the main or underlying cause of death 
(plus two deaths overseas) in men not already 
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accepted as cases of coronary morbidity were 
admitted as 272 fatal cases. These were spread 
through the cohort aged 45-64, observed pros- 
pectively for 9-3 years; the highest age at death 
was 73 years. 

These deaths together with the non-fatal 
cases, 474 in all, in 87 563 man-years’ observa- 
tion (44 933 at 45-59 and 42 630 at 60-73) 
make up our composite age standardised 
coronary attack rate of 5-41 per 1000 man-. 
years, with the non-fatal cases being aged 45- 
59 at the event and the fatal 45-73. In the 
analysis of mortality it seemed more rigorous to 
include all coronary deaths during the observed 
follow up. This added 17 deaths in second or 
later episodes to the 272, too few though to 
make a material difference. 

The questionnaires of all the cases were 
coded in the same way as the cohort sample. 

This therefore is a case-cohort study” per- 
mitting estimation of man-years observed and 
the calculation of population rates, not merely 
individual relative risks (see Appendix). 


PHYSICAL ACTIVITY IN LEISURE TIME 

This takes three forms in these men: (a) sports 
and games, keep fit/callisthenics; (b) moving 
about—walking, cycling, stair climbing; (c) 
manual work in and about the house and garden 
and on the car—that is “work” in the general 
sense not the physiological term. 

Previously, a cluster of frequent/“‘vigorous”’ 
(as defined) aerobic, dynamic exercise in (a) 
and (6) was associated with much lower coron- 
ary incidence rates (first clinical episodes). 
This became the main hypothesis to be tested. 
At the same time, the five components of the 
cluster—vigorous sports, daily or near daily 
keep fit, fast walking, considerable amounts of 
cycling, the extreme of stair climbing—-were 
tested individually. More tentatively, we tested 
the hypotheses that much vigorous manual 
work, which previously had shown a limited 
association with incidence, would also provide 
some protection and that other physical activity 
would not be protective. 


Results 

EXERCISE AND RATES OF CORONARY HEART DISEASE 
Sports and games 

Table 1 breaks these down into “vigorous”, 


Table 1 Playing of sports and games and the attack rate of coronary heart disease in male executive grade civil servants (rates per 1000 man-years) 


Episodes m previous 4 weeks 
reported at entry m 1976 


None 
1-3 
4-7 
8-11 
>12 


Total 


Men 


(A) Vigorous sports* 


Coronary attacks (1976-86) 


Cases Man-years Age standardised rate 
413 72 282 58 
37 7 786 45 
17 4146 41 
7 3 349 21 
474 87 563 5:4 
p< 0005 


(B) Non wigoroust 
Coronary attacks (1976-86) 
Cases Man-years Age standardised rate 
310 58 326 5-4 

85 14 190 59 

52 8 532 59 

19 5 322 3-5 

8 1 193 68 

p > 005 


aged 45—64 at entry in 1976 with no history or record of coronary heart disease followed to 1986. Attack rates include all recognised first inary even! - 
fatal (202 at 45-59 years) and fatal (272 at 45-73 years of age). ie apa 
*Laable to reach energy output of 7 5 kcal (31 5 kJ) per minute 


+Results were simular when men also 


All signi 


us sports are excluded, 


‘The few men with no or spoiled records are Included m None. 


reporting vigoro : 
tests reported are for trend,” although heterogeneity teats were also carried out, and allow for sampling of the population (see Appendix). 
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reported by 17:5% of the men, and “non- 
vigorous” sports, which were twice as com- 
mon. The contrast between (A) and (B) is plain, 
corroborating the hypothesis of a threshold of 
intensity for effectual exercise. There is some 
indication too in (A) of a “dose response” with 
frequency; the finding with 8 or more episodes 
of exercise—that is at least twice a week on 
average—reported by 3:8% of the men, is the 
strict test of the hypothesis. 

Swimming was the most popular vigorous 
sport; there were also appreciable numbers of 
men jogging, playing badminton, tennis, foot- 
ball, and hockey (including coaching and 
refereeing), hill climbing, and rowing. Danc- 
ing, golf, and table tennis were the commonest 
non-vigorous sports. 

Validity: intensity of exercise. We asked par- 
ticipants about symptoms induced by activity 
to see whether exercise classed as “vigorous 
aerobic” by our simple methods did indeed 
demand greater exertion. These data and the 
many issues they raise will be reported else- 
where. But we certainly found that the men 
reported being “out of breath” more often with 
sports that we deemed to be vigorous. 

Previous history of exercise. Participants were 
asked whether they had played vigorous sports 
and stopped before entry to the survey. Men 
who reported such sports at entry in 1976 often 
replied that they had engaged also in other such 
sports in the past, illustrating ‘‘self-selection” 
for vigorous exercise. More interestingly, in 
men reporting no vigorous sports in 1976 there 
was no relation between coronary attacks dur- 
ing the follow up, 1976-86, and earlier playing 
of vigorous sports: 

Vigorous sports previously played by men 
reporting none in 1976: 


Cases Rates 
1976-86 
Played none previously 292 59 


Played up to 25 years ofage 42 51 
Played up to 30 years of age 33 51 
Played up to 40 years ofage 36 65 
Played past 40 years of age 8 5:2 
The results are the same even if only the most 
vigorous sports are considered—athletics, 
rugby, running, squash, boxing, and the like. 
The implication is that continuing current 
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exercise alone protects against the disease. This 
independently corroborates and amplifies the 
American observation? The observation 
argues, too, against a critical genetic compon- 
ent in the exercise effect. 

Consistency in behaviour pattern. The hypo- 
thesis implies that the protective behaviour is 
habitual. Vigorous aerobic exercise was found 
to be a particularly stable trait in the short term 
and when we compared reports in the present 
survey with those in the first.2* There is a 
further confirmation from a follow up perfor- 
med for us by the Paymaster General in 1982- 
84 of the 40% of our participants aged 55~64 
who had by then retired; 92% of them respon- 
ded. Each man reporting vigorous sports in 
1976 was matched randomly by age, smoking, 
and length of follow up with three controls who 
in 1976 had reported no such activities. Half 
(51%) of the former reported vigorous sports 
again in 1982-84 and a further 19% reported 
other vigorous aerobic exercise, mainly keep 
fit. The proportions in the controls were 13% 
and 9-5% respectively. 


MOVING ABOUT 

We asked the men for information on how 
many minutes they had spent walking to and 
from work and on other regular walking outside 
the home in the past week. The quantity of 
walking (table 2A) was not associated with any 
decline in attack rates—for example, the figure 
of 6-0 with average walking of over an hour a 
day. Participants were also asked to grade the 
usual or average pace or speed of their regular 
walking." ® To test the threshold hypothesis, 
“fast” was defined as “over 4 mph” (6-4 km/h). 
Table 2B shows a trend in the rates of disease 
and there is a particularly low rate in the 2:6% 
of men claiming to be fast walkers. In table 2C, 
combining intensity and quantity, there is a 
somewhat reduced attack rate in those report- 
ing over half an hour a day of “fairly brisk” 
walking. This, which is the grade below ‘“‘fast” 
walking and perceived to be faster than “nor- 
mal’’, ig deliberately strenuous, it may be 
postulated, vigorous, and the rate may be 
another indication of a dose response. The 
“strollers”, 11% of the men, reported many 
mobility problems, and they were generally 


Table 2 Regular walking* and the attack rate of coronary heart disease (1976-86) in male executive grade civil servants (rates per 1000 





man-years) 
{A} Duration (B)} Pace (C) Duration and pace 
Hours of Coronary attacks Usual Coronary attacks Hours Stroll Normal Fasrly brisk Fast 
regular walking average im past 
tm past week Cases Rates Cases Rates week Cases Rares Cases Rates Cases Rates Cases Rates 
None} 31 50 “Stroll 78 7-9 
at an easy 
ce” 
35 317 6 “Normal” 222, 55 <35 64 73 163 52 88 57 2 (15) 
7 85 1 “Fairly 120 48 >35 14 120 59 69 32 34 1 (09) 
7 21 0 “Fast 3 (13) 
(over 
4 mph)” 
Total 474 
p> 005 p< 005 
Men aged 45-64 at entry in 1976. 


*Walking 


to and from work and other regular walks outside the home. Reported at entry. 


tSelf-rating at entry of “usual” pace of regular walking Excluding the “None” (51 cases). 


tActivines of less than 5 minutes are disregarded throughout; the numbers for ‘ 
All inclusive rates are 


tan 


age~standardised, 
Rates based on less than 5 cases are shown in parentheses throughout. 


one” therefore are an overestimate. 
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Table 3 Recreational “work” and the attack rate of coronary heart disease (1976-86) in male executrve grade cimil servants (rates per 1000 


man-years ) 


(A) Heavy work* 


(B) Moderate 

Other Gardening Other 
Rates Cases Rates Cases Rates Cases 
57 253 53 179 52 123 
5:4 155 57 261 5-6 213 
49 21 46 30 52 50 
54 29 5:3 4 EA 51 
43 16 59 0 0 37 

474 


*Liable to reach energy output of 7 5 kcal (31 5 kJ) per minute. 


Gardening 
Hours in previous 
4 Cases 
None 227 
1-3 175 
4-7 42 
8-11 15 
212 15 
Total 474 
+Reported at entry. 


p > 0 05 throughout. 


vulnerable (for example 15% of them gave a 
history of “subclinical”? cardiovascular dis- 
ease); this simple self-assessment is remarkedly 
predictive of heart attack. 

“Vigorous” cycling was defined as an amount 
previously found to be associated with a lower 
incidence: at least an hour per week in the 
round trip to work or at least 25 miles of other 
cycling in the previous week. Cyclists of course 
often reported both forms. In the 3-5% of men 
who reported vigorous cycling the attack rate 
was much lower: eight cases, 2-6 per 1000 man- 
years. There was also some reduction with less 
cycling: 14 cases and 4:5 per 1000 man-years (p 
< 0-03), indicating perhaps that any habitual 
cycling in these middle aged men usually 
entailed enough effort for benefit." But as only 
7% of the men cycled numbers are too few for 
proper analysis. 


KEEP FIT AND STAIR CLIMBING 

There was no association with age-standar- 
dised coronary rates in these two remaining 
types of vigorous aerobic exercise which 
previously were found to be protective.. The 
attack rate with keep fit/callisthenics at least 5 
times a week was 5-6 per 1000 man-years. Men 
climbing the most stairs (2500 each day) had 
an attack rate of 5-4, which was in the middle of 
the observed range of rates (4-7 to 6-2 per 
thousand man-years) by total number of stairs 
that were climbed. 


RECREATIONAL “‘WORK”’ 

Most of these men lived in a suburban house 
with a garden: 91% reported gardening, Do It 
Yourself also was very popular, and a wide 
range of “jobs”, hobbies, and crafts were 
reported. Table 3 divides this productive 
activity into gardening and the rest. It begins 
(A) with the most arduous work, that is 
“vigorous” as defined (as liable to entail an 
energy output of 7:5 kcal/min}—for example, 
digging, tree felling, concreting, and replacing 
worn parts of the car. Seventy per cent of men 
reported doing some of this type of work. 
“Moderate” work, approximately 5 but < 7:5 
kcal/min, was mostly lawn mowing by hand or 
painting and decorating, and polishing the car; 
71% reported doing moderate work. “Light” 
jobs (C)}—for example raking and pruning, and 
repair of home appliances—were equally 
popular. Table 3 shows that whatever the 
quantity or intensity of recreational work it had 
no effect on the rates of coronary heart disease. 


(C) Light 

Gardernng Other 
Rates Cases Rates Cases Rates 
4-9 213 57 119 Sl 
55 206 51 265 52 
53 38 58 44 67 
57 8 42 31 69 
65 9 5:2 15 59 


THRESHOLD: DOSE RESPONSB 

The men were now ordered by the exercise they 
reported, and in terms of the main hypothesis 
(table 4). 

Group 1 consists of those reporting frequent/ 
intense, vigorous aerobic exercise—that is, 
vigorous sports at least twice a week, and/or 
“fast” walking, and/or considerable cycling. 

Group 2 are the men reporting the next lower 
degree of such exercise which was either not so 
frequent (that is, vigorous sports at least once 
but less than twice a week, and/or less cycling) 
or not so intense (that is ‘fairly brisk” walking 
for over half an hour a day). 

Group 3 was made up of those men taking 
residual vigorous aerobic exercise—that is, 
occasional sports (1-3 episodes in the 4 weeks), 
or shorter “fairly brisk” walking. 

Group 4 are the men reporting no vigorous 
aerobic exercise. 

The upper panel of table 4 shows the trends 
in coronary disease across groups 1-4 for 
overall attacks and mortality (and similarly in 
the non-fatal cases, by subtracting “mortality” 
from “total attack rate”). Group 1 men had 
strikingly low rates throughout (p < 0-001). 

In those who were 45-54 at entry, the 
composite group 2 rate was not reduced and not 
significantly different from that in groups 3 and 
4, while among entrants of 55—64, the men in 
group 2 (19%) had a significantly lower rate of 
disease than groups 3 and 4 (p ~ 0-01). 
Equally interesting, the two items of the 
original “vigorous aerobic” cluster that did not 
qualify for group 1 (frequent keep fit and much 
stair climbing) were now associated with 
reduced coronary rates of 2:7 and 3-5 per 1000 
man-years in these older men, and they have 
therefore been included with group 2; both 
activities are likely to be more variable and 
liable to be less intense on average than the 
exercise in group 1. In group 3 there was some 
continuation of a favourable trend in rates in 
the older men. These therefore showed a dose 
response to the intensity of vigorous aerobic 
exercise. A threshold effect alone is seen in the 
younger men. 

Validity of the diagnosis of coronary heart 
disease. Asacheck the 135 fatal cases certified 
by a coroner (medical examiner) after necropsy 
as coronary heart disease were sorted into the 
four exercise groups. The trend of the age 
standardised rates (45-64) for these cases is 
similar to the experience overall: 0-39, 1-4, 1-7, 
1-7 in groups 1-4 respectively (p < 0-001). 
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Table 4 Vigorous aerobic exercise, attack rate, and mortality of coronary heart disease (CHD) (1976-86) in male executive grade civil servants 
(rates per 1000 man-years) 
I 


Group 4 
(resdual vigorous r 





CHD experience requent vigorous asrobic (next lesser (no tgorous 
1976-1986 prenen oi degree of ths) aerobic exercise) aerobic sxerase) Totals p 
Ages 45-64 at entry 
Attack rate’ 
~ ` Man-years observation 8062 13 185 22 157 44 159 87 563 
Cases 18 62 122 272 474 
Rates 22 47 5-4 63 54 <0 0005 
Relauve risk % 35 716 85 100 
(95% Cl (21-57) (56-101) (68-108) 
rtality’ z 
ar 10 39 71 169 289 
Rates 13 29 33 37 33 <0 005 
RR”, 34 78 88 100 
(95°, CI) (18-66) (54-112) (66-117) 
Ages 45-54 at entry 
Attack rate: 
Cases 10 38 TT 125 250 
Rates 21 63 6-1 65 59 <0 025 
RR °% 33 97 94 100 
(95°, CD (17-64) (66~144) (69-128) 
Mortality: 
Cues 3 20 34 52 109 
Rates 063 33 27 26 26 > 0-05 
RR, 24 125 ) za 58) 100 
95°, CI (7-78) (73-214 1 
sa Ne of men 08 6 1216 2052 4552 
Ages 55-64 at entry 
Attack rate 
Cases 8 24 45 147 224 
Rates 2-3 3-3 45 5-9 50 <0 001 
RR, 39 56 78 100 
(95% ONI (19-82) (36-88) (54-111) 
Mortality: 
Cases 7 19 37 117 180 
Rates 21 26 38 46 40 <0 005 
RR °, 45 56 82 100 
(95°, CI) (20-98) (34-93) (55-121) 
f Total No of men 356 920 2688 4824 
Ages 45-64 at entry 
Attack rate 
In 0-4 years follow up * 
Cases ll 54 52 141 158 
Rates 3-3 6-5 69 80 71 <0-01 
RR", 4l 81 85 100 
(95°, CI) (22-76) (56-119) (63-116) 
In over 4 years follow up:* 
Cases 7 26 59 124 216 
Rates 15 35 45 5-0 4-3 <0 001 
RR °, 29 69 89 100 
(95°, CI) (13-63) (45-107) (64-123) 





*Mortality in groups 1—4 ranges from 1 9 to 3 7 per 1000 man-years at 0-4 years of follow up and from 0 9 to 3 8 at over 4 years. 


TOTALS OF PHYSICAL ACTIVITY IN LEISURE TIME 
We examined the possibility that high overall 


cohort, and some potential confounding fac- 
tors, such as (A) family history and stature 


_- 


physical activity in leisure time, as such, would 
be protective against the heart disease. We did 
this by estimating the total physical activity in 
all the forms previously described but after 
excluding vigorous aerobic exercise. Energy 
expenditures were calculated in a similar way to 
the figures used in studies of the American 
men.’ The results after controlling for age 
were: for totals of < 2000 kcal/week, 213 cases 
and a coronary attack rate of 5-7; for 2000-2999 
kcal/week, 113 cases and a rate of 5-2; for > 
3000 kcal/week, 148 cases and a rate of 5-3/1000 
man-years. So for these data there was no 
gradient in coronary heart disease associated 
with total profiles of energy expenditure. 

In group 4 coronary rates did not fall with 
increasing energy output. On the contrary: at 
energy expenditures of < 2000 kcal/week the 
attack rate was 5:9; at 2000-2999 it was 6-5; and 
at > 3000 it was 7-0/1000 man-years. It may be 
added that group 4 rates were not affected by 
report of playing vigorous sports before entry 
in 1976. 


EXERCISERS AND OTHER MEN 
Table 5 examines the effect of selection for 
vigorous aerobic exercise in this homogeneous 


predispositions with plausibly a substantial 
genetic component; (B) expressed beliefs, 
attitudes, and health consciousness; (C) other 
health related behaviour; and (D) precursors of 
clinical coronary heart disease which may 
produce some circular double counting 
because of all the factors these are most likely 
also to be influenced by the effects of exercise. 
It seems that those men taking vigorous 
aerobic exercise were at advantage in terms of 
coronary risk. For example, men in group 1 
were less likely to have a family history of 
coronary heart disease and were more likely to 
have never smoked; and men in groups | and 2 
were more likely to report a health conscious 


. diet. The figures for totals of other physical 


activity in groups 1 and 2 may be pointing toa 
high overall energy output (with its attendant 
high intake) as a personality trait of vigorous 
exercisers.” °! It is instructive too that men in 
group 4, reporting none of the specific protec- 
tive exercise, are particularly disadvantaged 
in terms of smoking, diet, weight gain 
(behavioural skills of today?), and in confidence 
about the possibility of personal control of 
future health—a marker for motives and the 
drive to exercise.” * 
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TableS Relative frequencies of some possible selective factors for vigorous aerobic exercise (VAB) in male executive grade civil servants 
tt tere 








Vigorous aerobic exercise 
Group 1 Group 3 Group 4 
(frequent/intense) (next lesser degree) (residual, listie) (none) 
{n = 216)F {n = 424) (n = 519) {n = 1185) 
Personal charactertstic* (%) (%) (%) (%) 
a 
(A) 
Family history 
Parent(s) died prematurely CVD} 13 20 20 19 
Stature. 
25 ft 11 inch (1 80 m) 31 29 27 24 
<5 ft 6 inch (1-68 m) 14 15 15 17 
Energy output’§ 
> 3000 kcal 47 46 38 23 
e ais kcal 33 27 32 55 
“Believes can do anything to prevent 
ill-health in the future” 69 71 62 53 
“Takes sufficient care of health” 43 32 27 28 
on enough exercise to keep healthy” 68 56 45 38 
Cigarette smoking: 
Never 40 27 25 23 
>20 per day 1 12 16 21 
Health conscious dret:4 
3 or 4 points 29 30 18 16 
No pomes 17 14 25 30 
Weight in past year;** 
Stable 82 78 80 75 
81 78 80 12 
Losing 94 14 12 12 
) 
Body. mass index.tt 
<24 44 42 39 32 
>27 10 14 18 24 
Cardiovascular history: 
High blood pressure 41 59 80 96 
Diabetes 11 12 23 1:8 
Questionnaire anginaft 1:9 34 34 3-1 k 
“Subchacal” CYD 65 96 12 13 





Relative frequencies per cent, age-standardised by direct method. Men aged 45-64. 
*All information reported at entry. 
tn = 25°, random sample of populanon. 


TF before 65, M before 70. 


§Leisure time activity in week, excluding vigorous aerobic exercise. 


1 pomt each for fruit, brown bread, no butter ‘ 


*ae'Stable” < +3 1b Cgaining’ and “losing” > 3 Ib). 


ttkg/m 


phones on LSHTM angina questionnaire.” 
‘ory of high blood pressure, and/or diabetes, and/or posinve on angina questionnaire. 


CVD, cardiovascular disease. 


Table 4 also shows that the main observation 
is at least as strong in the later years, up to 9-3, 
as in the earlier years of follow up, partially 
refuting an explanation by secondary selection: 
that is, that men who were taking less exercise 
at entry already had limiting subclinical (heart) 
disease. 


MULTIPLE FACTORS OF CORONARY HEART DISEASE 
Table 6 shows the reported exercise groups, 
controlled for age and the main variables 
examined in table 5. In general, the gradients of 
the heart disease with standard risk factors are 
much as would be expected: compare the rates 
in men with a bad family history and a good 
family history; in short men and tall men; in 
smokers and non-smokers. Trends over the 
exercise groups, however, are similar to those 
of table 4—whether or not the men are at an 
advantage in terms of other factors, with good 
family history or bad, tall or short, and so on— 
lower coronary rates are evident in group 1 and 
to a lesser extent in group 2. 

Multivariate analysis. Table 7 simultan- 
eously ‘‘standardises” the exercise groups in 
each of the age bands for two, then three, then 
five of the other factors in a further attempt to 
allow for confounding of the main observation. 
This successive computation made little dif- 
ference, however, to the overall picture of table 
4—that is, the advantages of group 1 and of the 


lly every day”; 2 points for brown bread exclusively. 


older men in group 2 persisted—though the 
confidence intervals were widened. This 
emphasises the “independence” of vigorous 
aerobic exercise from classic risk factors. 


ALL CAUSES DEATH RATE 

Finally, it is necessary to know whether the 
reduction in coronary deaths was offset by 
deaths certified as other causes. This could 
arise from diagnostic and certification practices- 
and/or excess deaths produced by vigorous 
aerobic exercise. There is no sign of this. 

All deaths during the follow up were allotted 
to the four groups. Of the entrants aged 45—54, 
3-1% (139 deaths) died in 1976-86 from causes 
other than coronary disease, as did 5-6% (278 
deaths) of the entrants of 55-64. The risk of 
such death in the whole cohort of 45-64, 
standardised for age at entry and for cigarette 
smoking, was 3:1% in group 1 compared with 
4:9% in group 4, the men reporting no vigorous 
aerobic exercise. For those men aged 55-64 the 
rate for smokers in group 2 was 8-7 compared 
with 9-0 in group 4 and for non-smokers it was 
4-4 and 5-4 respectively. When non-coronary 
deaths were added to those from coronary heart 
disease, total death rates over the 9+ years of © 
follow up were lower in men with an exercise / 
related reduction in coronary heart disease, and 
their survival through middle age and into old 
age greater than in other men. Detailed analysis 
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Table 6 Vigorous aerobic exercise and other risk factors: attack rate from coronary heart disease (1976-86) in male executive grade civil servants 





(rates per 1000 man-years) 
Vigorous aerobic exercise* 
a i (resthual d 
{frequent|intense) (next lesser dagree) ( |, little) (none) 
Risk factors* Cases Rates Cases Rates Cases Rates Cases Rates 
Attack rate ages 45-64 
Famuly history“ 
Parents) alive 14 20 44 4-2 94 5-1 198 57 
Parent(s) died CVD 4 (3:6) 18 68 28 65 74 88 
Stature’ 
35 ft 11 inch (1-80 m) 3 (ht) 15 4:2 29 47 52 49 
5 ft 9 wch-5 ft 10 mch (1-75—1 78 m) 6 26 16 42 30 47 74 60 
5 ft 7 inch~5 ft 8 inch (1 70-1-73 m) 5 22 18 5-0 41 65 89 69 
«5 ft 6 inch (1 68 m) 4 (4-0) 13 6-4 22 67 56 78 
“Can do anything to prevent ill-health in the future”: 
Definitel = 9 15 48 49 67 4-8 150 59 
Perhaps/largely chance 9 37 14 42 55 63 135 6-7 
Cigarette smo! 
Never 7 22 n 32 27 45 55 57 
6 18 26 39 48 4-7 88 46 
Current 5 28 25 83 47 7-1 129 87 
Body mass index 
<24 7 1-9 19 34 40 43 75 5-5 
24-26 9 9 24 35 6-0 54 5-7 119 6-2 
27 1 3) 8 48 21 71 75 73 
“Subchmcal” CVD 
Negative l4 18 54 4-5 92 4-5 185 49 
Positive 4 (7:5) 8 6-7 30 i 87 15 


*See tables 4 and 5 for description of groups and definitions. 


of mortality in general will have to be based on 
larger numbers and so a longer follow up.” * 


Discussion 

There is considerable evidence that exercise 
protects the heart against ischaemic disease’ 7’ * 
and it is now a central feature of national 
preventive campaigns such as the British 
“Look After Your Heart!’’. 

Men engaging in the exercise identified as 
protective manifestly were a selected group. 
But tables 6 and 7 are the latest in a long line of 
analyses suggesting that it is the activity itself 
that protects, and that “self-selection” is not an 
adequate explanation of observed effects? 17 
If selection bias is still an issue it will have 
to be resolved by other approaches, through 
biological markers perhaps or, in theory, a large 
randomised trial. Knowledge of selective fac- 
tors is critical for understanding aetiology and 
in health promotion, but the practical message 
seems clear. Because nearly 30% of our older 
men were in groups l or 2, more than a 
(hypothetical) athletic minority may already be 
benefiting from adequate aerobic exercise in 
some sections of society. 

Our participants were probably more 
healthy and fit than average because they are a 
working population and because we excluded 
men with a clinical history of coronary heart 
disease; they were more active too than the 
national population of their age and social class 
(2). 

Activities other than vigorous aerobic exer- 
cise were not associated with benefit in coron- 
ary rates, nor did high totals of physical activity 
per se-~whatever their other benefits undoub- 
tedly are.” Incidentally, though the term 
“vigorous” is used, vigorous enough on 
average for a training effect in such men is 
intended, and in the totality of exercise 
“moderately intense” might be a more 
appropriate term. This is particularly the case 


for the older cohort of 55-64 in group 2 who 
were observed for mortality up to 73 years of 
age and who showed a benefit associated with a 
lesser degree of the identified vigorous aerobic 
exercise but again not with any other form of 
exercise. Because major anatomical and 
physiological determinants of oxygen transport 
and physical working capacity decline with age, 
less intense exercise of the appropriate kind 
may be adequate to induce and maintain car- 
diorespiratory training.*** By the same 
token, the minority of American men who 
derive some protective benefit from even more 
moderate aerobic exercise (corresponding here 
to non-vigorous sports and ordinary “normal” 
walking) may have been less healthy, active, 
and fit on average than our participants, and 
thus more able to derive some benefit from less 
intense exercise. These are testable proposi- 
tions. 

In general, significant protection against the 
heart disease was seen in the British men with 
less frequent vigorous sports than the current 
consensus advises.” The duration of the 
episodes of sports and games could not be 
satifactorily studied. 


“HEAVY WORK” 

In the previous study this was inconsistently 
and rather weakly associated with protection 
but now fuller and more representative data 
show no association at all. Unlike typical 
occupational heavy work, recreational heavy 
work is liable to be periodic (seasonal digging) 
or occasional (those heavy building jobs); the 
number of men reporting some such work was 
surprisingly large. The activity itself entails 
discontinuous lifting and carrying, pushing 
and pulling of heavy objects, and gripping 
against resistance by small muscles: and static 
loads with excessive rises in blood pressure may 
therefore occur.’ This contrasts with the sus- 
tained, predominantly dynamic, rhythmic con- 
traction of large skeletal muscles, as in swim- 
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Table 7 Vigorous aerobic exercise ( VAE) and other risk factors: attack rates and deaths from coronary heart disease (1976-86) in male executrve 
grade crotl servants (rates per 1000 man-years) after multivariate analysis/standardtsation"* 





Vigorous aerobic exercise* 
Group I Group 2 3 Group 
Standardisation {frequenijintense) (next lesser degree) (residual, httle) (none) P 
Ages 45—54 attack rate 
(I) For age, family history, and stature: 
Cases 10 38 TI 125 
Rates 22 63 ol 65 < 0025 
Relative risks (°,) 35 98 95 100 
(95°, CI) (18-68) (66-145) (70-129) 
(II) For (1) plus cagarette smoking: 
Cases 10 38 TI 125 
Rates 24 6-3 6-3 6-3 > 005 
RR”, 37 100 100 100 
(CI) : (19-74) (66-149) (73-1371) 
(III) For (1) and (IT) plus body mass index and “subclinical” CVD: 
Cases 10 38 76 124 
Rates 22 78 65 59 > 005 
RR”, 37 131 110 100 
(CI) (18-77) (81-211) (77-158) 
Ages 45-54 mortality 
(1) For age, family history, and stature 
3 20 34 52 
Rates (0 66) 33 27 26 > 005 
RR °, 25 126 102 100 
(CI) (8-81) (73-216) (63-159) 
(II) For (I) plus caagarette smoking: 
3 20 34 52 
Rates (0 63) 34 27 26 > 0-05 
RR °, 24 132 106 100 
(CI) ! (7-80) (75-231) (67-168) 
(III) For (I) and (IT) plus body mass index and “subchuical” CVD 
3 20 34 52 
Rates (0 58) 45 3:2 23 >005 
RR°, 25 198 141 
(CD (7-93) (103-378) (83-240) 
Ages 55-64 attack rate 
CD For age, family history, and stature. 
Cases 8 24 45 146 
Rates 24 34 45 59 < 0005 
RR °% 4l 57 TI 100 
(CI) (20-87) (36-90) (54-110) 
(11) For (1) plus cigarette smoking: 
Cases 8 24 45 146 
Rates 26 BS 46 5-8 < 0005 
RR°%, 44 60 78 100 
(CD) (21-93) (38-95) (54-131) 
(ID) For (1) and (II) plus body mass index and “subclinical” CVD: 
Cases 7 24 45 145 
Rates 24 36 48 56 < 0-025 
RR ° 43 64 86 100 
(CI) (19-101) (39-108) (56-131) 
Ages 55-64 mortahty 
(I) For age, family history, and stature: 
Cases 7 19 37 U7 
Rates 21 26 38 47 < 0005 
RR °% 46 56 80 100 
(CD (21-100) (34-92) (55-117) 
(II) For (1) plus cigarette smoking: 
Cases 7 19 37 117 
Rates 22 28 38 46 < 0-01 
RR % 49 64 86 100 
(CI) (22-108) (36-102) (55-123) 
CIII) For (Y) and (II) plus body mass index and “subclinical” CVD 
6 19 37 116 
Rates 23 26 39 4-4 < 005 
RR, 53 59 90 100 
(CI) (21-132) (34-105) (57-144) 


*See Tables 4 and 5 for description of groups and definitions. 


ming, walking, cycling, distance running, row- 
ing, and the like, that was found to be protec- 
tive; and such activities are more likely to be 
performed with greater intensity “for exer- 
cise”. It is possible, too, that the static element 
in the heavy work reported cancels out such 
benefit that any vigorous dynamic element in 
the activity might confer.” Little is known of 
the energy costs and metabolic responses, long 
term haemodynamic function, training effects, 
and risk factor relations of major common 
physical activities in the real situations of 
everyday life. 

MECHANISMS OF PROTECTION‘ ?*’# 
Exercise is viewed as a “general cause” of 
good health,? and there is indeed evidence 


that all major processes of coronary heart 
disease are moderated by it. But it is not yet 
possible to assign weights in this apparent 
overdetermination. 

Classic risk factors such as_ cigarette 
smoking, hypertension, or the body mass index 
were usually lower with exercise (table 5); and 
at the same time exercise counteracts them in 
some or large measure (as here in smoking, or 
overweight, table 6). Atherosclerosis may be 
reduced by the improved lipid profile, glucose/ 
insulin dynamics,“ and the lower blood 
pressure.’ 

What is more interesting is that to be 
protective the exercise apparently has to be 
continuing and current: this suggests an effect 
on the acute phases of coronary heart disease— 
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for example, fresh coronary thrombosis 
leading to acute obstruction, myocardial 
ischaemia, and arrhythmia. There is growing 
evidence that exercise can counter thrombosis 
by inhibiting clotting processes and platelet 
aggregation.’ ** In a national necropsy survey 
incidental major coronary obstruction was 
reported less often as the occupational physical 
activity of those who had died increased.” The 
electrical stability of the heart may be enhan- 
ced, raising the threshold for arrhythmia— 
for example, by lowering catecholamine con- 
centrations.“ The reduction in extrasystoles in 
men reporting vigorous aerobic exercise” and 
the original observation that “sudden death” 
was low in the physically active workers’ may 
also be relevant. 

It is encouraging (tables 4 and 7) that lower 
coronary rates are so evident in later middle 
and early old age.2*%?’* After a lifetime’s 
build up of the underlying atherosclerosis, 
protection against the acute precipitating 
phases of the heart disease is then the more 
realistic hope. 

The protective exercise is that which trains 
for cardiorespiratory fitness; this is conven- 
tionally assessed by the maximal oxygen 
uptake.”*?3* An hypothesis in terms of “fit- 
ness” offers another explanation of the 
requirement for the exercise to be continuing. 
As shown in training/detraining experi- 
ments,’ fitness achieved by exercise cannot 
be stored. Studies have favourably if variably 
related cardiorespiratory fitness to classic risk 
factors and to the heart disease.” 

We may conjecture further. Stamina or 
endurance—the capacity for sustained aerobic 
exercise using a high proportion of the maximal 
oxygen uptake—whatever its level—is far more 
responsive to aerobic training than the actual 
maximum itself.” Perhaps endurance fitness 
protects against coronary heart disease? 
Perhaps a reduction in the endurance fitness of 
the population is one of the consequences of the 
modern decline in physical activity, specifically 
of adequate aerobic exercise? An hypothesis in 
terms of endurance fitness would direct 
attention also to the optimal performance and 
adaptability, with training, of the heart itself— 
exemplified in the slower rate and increased 
stroke volume with given demands, and the 
greater electrical stability, myocardial per- 
fusion, and, possibly, wall thickness.’ ®*4 47 * 
Such a proposition also underlines the need for 
practical non-invasive methods of assessing 
endurance fitness and training in the 
population® and is yet another plea for 
physiology and epidemiology to get together. 
We were helped by the personnel and other central and local 
staffs of the Department of Health and Social Security and the 
Board of Inland Revenue, Mrs P Packman, the late Mrs J 
Martin, and Mrs W Gough (secretaries); Mrs D Cook and Mrs 
M Fensom (patent coding and record-keeping); Mrs J Morton- 
Wiliams, Social and Community Planning Research (work on 
the questionnaire) and the late Dr Sidney Chave who con- 
tributed greatly to earlier stages of the inquiry. 


The investugation was funded by a special project grant of the 
Medical Research Council 
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Appendix 

STATISTICAL METHODS 

The data were analysed by relating the number 
of observed cases to the man-years denomin- 
ators, which were calculated as follows. For 
men counted as cases, the observation time was 
taken as the time from entry into the study until 
the date of occurrence of the event. For those 
who were not counted as cases, the observation 
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time was terminated either at the end of the 
follow up period (30 April 1986) or at death 
from another cause. The total man-years 
observation was estimated by multiplying the 
total observation time for non-cases by four (it 
was a 25% sample) and adding to this the total 
observation time for all cases. Partition of 
man-years observation between cells of tables 
followed established practice. 

Inclusion, as cases, of men aged >60 who 
bad non-fatal first events would have 
introduced a serious possibility of bias because 
of the incomplete follow up of morbidity after 
retirement. This was avoided by adopting a 
different case definition for men below the age 
of 60. In men aged up to age 60, an attack was 
defined as a first recognised occurrence of 
clinical disease, whether fatal or non-fatal. 
After that age attacks are defined as coronary 
deaths. While this definition leads to a rather 
strange relation between attack rate and age, 
the statistical method we used requires only 
that the effects of variables of interest upon the 
attack rate are approximately the same for 
different age groups. Counts of attacks and 
corresponding man-years observation were 
tabulated in the age bands 45-54, 55—59, 60—64, 
and 65+, and standardised relative risk 
estimates, pooled over age, were calculated by 
Poisson modelling.‘ 

Where standardised rates are shown, these 
were calculated by applying the fitted age 
specific rates for subgroups to the distribution 
of man-years observation by age for the entire 
cohort. 

The validity of these assumptions was 
checked in two ways. Firstly, we examined the 
stability of relative risks by age and by stage of 
follow up; some of these analyses are reported 
in table 4. Second, all analyses were repeated 
(a) for first clinical episodes up to age 60 and (b) 
for mortality up to age 73. Although based 
upon many fewer cases, there was no sugges- 
uon that these analyses differed from the 
results of the composite analysis of all attacks as 
defined above. For analyses of mortality rates, 
the man-years observations were slightly 
greater than for attack rates. These have not 
been shown (since the discrepancy is negli- 
gible) but were used in the formal analyses. 

The standard errors of the relative risk 
estimates obtained by Poisson modelling are 
rather optimistic, since no allowance is made 
for the fact that the man-years denominators 
were estimated from a sample of the cohort. 
Theoretical expressions for correct standard 
errors have been obtained only (a) for logistic 
regression analysis of the probability of disease 
occurrence at any time during follow up and (b) 
for individually matched analyses comparing 
each case with the corresponding “at risk” 
members of the sample cohort. The former is 
straightforward but the latter requires special 
software, which was not available at the time. 
Here an approximate approach was adopted; 
the standard errors obtained for Poisson 
modelling were inflated by the same factor as if 
simple logistic regression had been used. 
Similar corrections were applied to the sig- 
nificance tests. 
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Early detection of acute myocardial infarction: 
additional diagnostic information from serum 
concentrations of myoglobin in patients without 


ST elevation 


E Magnus Ohman, Catherine Casey, James R Bengtson, David Pryor, William Tormey, 


John H Horgan 


Abstract 

The value of the 12 lead electro- 
cardiogram, serum total creatine kinase, 
creatine kinase MB isoenzyme, and 
myoglobin for the early detection of 
infarction was evaluated within one hour 
of admission to the coronary care unit in 
82 consecutive patients with suspected 
myocardial infarction. The 51 patients in 
whom infarction was diagnosed during 
the first 24 hours after admission had a 
higher prevalence of ST elevation (64% v 
11%), higher median serum myoglobin 
(136 pg/l v 34 pg/), higher serum creatine 
kinase (77 [U/l v 34 TU/D, and higher MB 
isoenzyme (7 IU/1 v 4 IU/) than those in 
whom it was not. Stepwise logistic regres- 
sion analysis in 70 patients in whom the 
electrocardiogram and serum myoglobin 
were suitable for analysis showed that 
serum myoglobin was the variable most 
closely associated with infarction, and 
contributed additional diagnostic infor- 
mation when ST elevation was entered 
into the model first. Serum myoglobin 
remained associated with myocardial 
infarction when patients who had had 
symptoms for < six hours were analysed. 
An algorithm based on a rapid agglutina- 
tion test for myoglobin and ST elevation 
on the electrocardiogram gave an 
accurate diagnosis in 82% of patients. 
This approach gave early and rapid 
recognition of acute myocardial infarc- 
tion and warrants further examination. 


Early detection of acute myocardial infarction 
to identify patients who are suitable for throm- 
bolytic treatment usually includes electrocar- 
diographic changes.'? ST elevation on the 
electrocardiogram may, however, be absent in 
the early phase in up to 40% of patients.*” 
Release of serum markers of myocardial 
necrosis, such as creatine kinase MB and 
myoglobin, may help to identify patients with 
infarction,® where thrombolytic treatment may 
reduce mortality.’ This study sought to estab- 
lish which markers of myocardial infarction 
could be used, in addition to the electrocar- 
diogram, to diagnose correctly most patients. 


Patients and methods 

PATIENTS 

Consecutive patients presenting to an emer- 
gency department were seen by a physician on 
duty who made a clinical diagnosis-of suspected 
acute myocardial infarction requiring admis- 
sion to the coronary care unit. Highty two 
patients met the following inclusion criteria: (a) 
cardiac chest pain unrelieved by sublingual 
glyceryl trinitrate or nifedipine, (b) chest pain 
lasting > 1h but <24; (c) age <65 years. We 
excluded all patients with shock (systolic blood 
pressure <90 mm Hg with clinical evidence of 
hypoperfusion), patients with recent trauma 
including cardiopulmonary resuscitation, and 
patients with known severe renal, muscular, or 
infectious disease. All patients had a 12 lead 
electrocardiogram recorded and a 10 ml blood 
sample obtained within one hour of admission 
to the coronary care unit. A positive diagnosis 
of myocardial infarction was based on the 
World Health Organisation criteria. The mean 
delay from arrival at hospital and admission to 
the coronary care unit was 108 minutes (range 
10-400). 


ELECTROCARDIOGRAM ANALYSIS 

The electrocardiogram was read by two 
independent observers, who were unaware of 
the clinical details. The observers classified the 
electrocardiograms into three groups: type 1— 
ST elevation > 1 mm ina limb lead or 2 mm in 
two precordial leads, irrespective of the 
presence of Q waves; type 2—any electrocar- 
diographic abnormality, including right or left 
bundle branch block, ST depression, T wave 
inversion, or ST elevation less than the criteria 
for type 1 electrocardiogram; type 3—normal 
electrocardiogram, including minor ST and T 
wave changes and isolated fascicular blocks.° 
Each electrocardiogram was assigned to a 
group according to the most severe abnor- 
mality (type 1 > type 2 > type 3) that was 
seen. 


SERUM ANALYSIS 

Ten millilitres of blood was withdrawn from an 
antecubital vein. The blood was centrifuged, 
then serum was taken off and divided into two. 
The serum was stored at —20°C until assays 
were performed. Total creatine kinase and its 
MB isoenzyme were measured by an enzyme 
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immunoinhibition assay kit (Boehringer- 
Mannheim Diagnostica). We measured serum 
myoglobin concentrations in batches of 20 
samples by a radioimmunoassay, using a 
double antibody for myoglobin (NMS Phar- 
maceuticals, Inc)! and concurrently we also 
measured serum myoglobin by a rapid latex 
agglutination test (Boehringer Diagnostica). 
This test takes 10 minutes to perform and 
produces a semiquantitative analysis in the 
range 90-1600 yg/I.!! Data were incomplete in 
14 patients because serum samples were not 
large enough for myoglobin assay,’ 
electrocardiographic tracings were poor* and 
serum samples were not available for creatine 
kinase analysis.” 


DATA ANALYSIS 

We calculated the median and 25th and 75th 
percentiles for the continuous variables and 
used the Wilcoxon rank sum test for between 
group comparisons and Fisher’s exact test for 
analysis of diagnostic groups. The association 
between continuous variables was analysed by 
the Spearman rank correlation test. The 
relative importance and independent contribu- 
tion of each variable for identifying the correct 
diagnosis was examined by stepwise logistic 
regression analysis. Values from serum 
myoglobin determined by radioimmunoassay 
were plotted as a cumulative distribution func- 
tion for patients with and without myocardial 
infarction. This function gives the probability 
that the serum myoglobin is less than or equal 
to a particular value, and can therefore be used 
to identify a cut off for an abnormal test 
according to the sensitivity and specificity 
required. Statistical significance was taken as 
p < 0-05. 


Results 

STUDY POPULATION 

On follow up 51 patients were diagnosed as 
having an acute myocardial infarction. The 
remaining 31 patients were diagnosed as having 
unstable angina pectoris or non-cardiac chest 
pain. Table 1 shows the characteristics of the 
study population. Thirteen patients in the 
group with myocardial infarction and eight in 
the group without had chest pain lasting > 6 h. 


ELECTROCARDIOGRAMS 

There were 78 electrocardiograms suitable for 
analysis (table 2). The distribution of elec- 
trocardiographic abnormalities (type 1 and 


Table 1 Data on study ion (medians with 
interquartile range for continuous variables in 
parentheses) 


Non-MI 
Vanable MI (n= 51) (n=31) p 
Male sex 41 (80%) 27 (87%) 0-55 
Age (years) 56 (49-60) 55 (51-57) 027 
Chest pon m) 4 To 3 (2-9) 0-90 
Total CK(TU/I)* 77 (11-175) 34. (22-47) ©0001 
~MB (TU/I)* 7 (3-19) 4 (3-6) 0-02 


Myoglobin (ug/l)t 136 (76-335) 34 (22-42) 0 0001 


CK, creatine kinase; CK-MB, creatine kinase MB isoenzyme; 
MI, myocardial infarction 

*Data not avaiable on one patent with myocardial infarction 
and one without. 

tDara not available on five patients with myocardial infarcnon 
and three without. 
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Table 2 Classification of admission electrocardiogram 


MI Non-MI Total 
ECG critena n=50(%) m=28(%) nm78(%) 
Type l 32 (64) 3a) 35 (45) 
(ST elevation) 
Type 2 (abnormal) 15 (30) 21 (75) 36 (46) 
Type 3 (normal) 3 (6) 4(14) 7(9) 


Electrocard: were analysed by two observers who were 
unaware of the clinical data and classified as described in 
Methods section. The data are shown as number of patients 
with cach type of electrocardiogram. Electrocardiograms were 
not suitable for analysis in one patient with myocardial 
infarction and in three without. See foomote to table 1 for 
abbreviations 


type 2) differed significantly between the group 
with myocardial infarction and the group with- 
out (Fisher’s exact test, p < 0-001). 


CREATINE KINASE AND MB ISOENZYME 

Serum concentrations of total creatine kinase 
and its MB isoenzyme were measured in 80 
patients and both were significantly higher in 
the group with myocardial infarction during 
admission than in the group without (table 1). 
There was a significant positive correlation 
between the total creatine kinase and its MB 
isoenzyme in the group with myocardial infarc- 
tion (r = 0:85; p < 0-0001). In those with 
myocardial infarction the duration of chest 
pain was positively correlated with serum con- 
centrations of both total creatine kinase and its 
MB isoenzyme (r = 0-34, p < 0-02;r = 0-31, 
p < 0-03 respectively). No such relation was 
seen in the group without myocardial infarc- 
tion (creatine kinase, r = 0-15; creatine kinase 
MB,r = 0-13). When patients with chest pain 
lasting more than six hours were excluded from 
the analysis, there was no relation between 
concentrations of creatine kinase or its MB 
isoenzyme and the duration of chest pain 
(r = 0:20 andr = 0-17 respectively). 


MYOGLOBIN 

Serum myoglobin was measured in 74 patients. 
The concentration of serum myoglobin was 
significantly higher in the group with myocar- 
dial infarction than in the group without (table 
1). There was no appreciable correlation be- 
tween the duration of symptoms and the serum 
concentration of myoglobin in either of the 
groups (r = 0-18 in those with myocardial 
infarction and r = 0-13 in those without). 
Serum myoglobin was also analysed by the 
rapid latex agglutination semiquantiative kit. 
There was a strong association between the two 
analyses (x? = 49:44, p < 0-0001). The kit was 
positive (concentration > 90 ug/l) in 57% of 


Table 3 Semtquantitative analysis of serum myoglobin 





MI Non-MI Total 
Kit reading n=46(%) m=28(%) nm74(%) 
1(< 90 pp/t) 20 (43) 27 (96) 47 (4) 
2 (90-200 ug/1) 9 (20) 0(0) 9 (12) 
3 (200-40 pall) 16 (35) 1 ta) 17 (23) 
4 (400—1600 agii) 1(2) oto 10) 


Serum myoglobin was measured by a rapid latex agglutination 
test. The semiquantitauve analysis was obtamed by diluting 
original serum sample serially if the initial reading was 
posiuve. Each step was read after five minutes. The data are 
shown as number of patients ın each range. Samples were too 
small for analysis ın five patients with myocardial infarction 
and three without. See footnote to table 1 for abbreviations. 


Early detection of acute myocardial tnfarction 


Table 4 Umtoariate association with myocardial 
infarction 





All patents Chast pam 





Variable (n= 68) <6 hours 
(n= 49) 
Myoglobin 28 66 23 74 
Myoglobun l by kit 16 95 1511 
15 04 11 55 
ECG class 2 953 507 
Total CK 631 309 
CK-MB 457 1-86 





Univariate association with myocardial mfarction as measured 
by logistic regreamon analysis The data include caly parients 
m whom all vanables were measured Table entries are 7° 
statistics with one degree of freedom, When x’ is > 3 84, p < 
0 05. See foomote to table 1 for abbreviations. 


patients with myocardial infarction and 
negative in 96% of patients without myocardial 
infarction (p < 0:0001). Table 3 shows the 
results of the semiquantiative analysis of serum 
myoglobin. 


LOGISTIC REGRESSION ANALYSIS 

The variables that might have been associated 
with myocardial infarction were analysed by 
stepwise logistic regression analysis in the 
patients in whom all variables were measured— 
both in the total group (n = 68) and those with 
chest pain lasting <6 h (n = 49). Table 4 lists 
these variables. Serum myoglobin was the 
strongest individual predictor of myocardial 
infarction (y = 33-49; p < 0-0001). After 
adjusting for the association between presence 
of ST elevation and myocardial infarction 
GÊ = 18-11), inclusion of the myoglobin con- 
centration doubled the diagnostic information 
QE = 20-39, p = 0-0001). Similar information 
was obtained when the myoglobin kit was 
analysed according to the same model (table 5), 
In a secondary analysis, the association be- 
tween the same variables was examined after 
excluding 21 patients with chest pain lasting 
>6 h. The serum concentration of myoglobin 
remained a good test for the diagnosis 
of myocardial infarction (77 = 26-34, 
p < 0:0001). Presence of ST elevation did not 
yield significant additional information in this 
model. 


Discussion 

Most trials of intravenous thrombolytic agents 
have used ST elevation on the electrocar- 
diogram as an inclusion criterion. The recently 
published data from the ISIS-2 trial found a 
reduced mortality in patients with and without 


Table5 Multivariate contribution of myoglobin and 
electrocardiogram to diagnosis of myocardial mfarction 











Added 
Vanable Alone contribution 
ECG (ST elevation) 1811 501 
Beans obin sclera nE ea 33-49 20 39 
racdiommmunoassay. 

ECG (ST elevation) 18 11 13 52 
Myoglobin kıt 19 60 15-01 

Table entries are 7° statistics with one of freedom, 


based on logistic regression analysis. When 7 1s > 3 84, p < 
0 05. “Added contribution” described the ae to which one 
variable contributes any diagnostic information after 
adjustment for the other varlable, The model only mcludes the 
patients for whom both the electrocardiogram and serum 
myoglobin were available for analysis (n = 70). 
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ST elevation.’ Since the induction of a fibrino- 
lytic state is associated with increased mor- 
bidity, additional testing would be useful in the 
early identification of patients with acute 
myocardial infarction. 

In accordance with previous studies*’ we 
found ST elevation to be the most sensitive 
electrocardiographic criterion. The proportion 
of patients presenting with ST elevation during 
myocardial infarction varies from 18%" to 
81%‘ (mean 61%). In our series, ST elevation 
correctly identified 64% of patients with 
myocardial infarction (11% false positive rate) 
(table 2). But on the criterion of ST elevation 
36% of patients would not have been eligible 
for thrombolytic treatment. In our series, only 

% of patients with myocardial infarction had a 
“normal” electrocardiogram. Eleven per cent 
of patients without myocardial infarction had 
ST elevation. We do not know why this was. 
But others reported that the probability of 
myocardial infarction was low in the presence 
of ST elevation when there was a past history of 
myocardial infarction.? We could not 
corroborate this finding in our series. 

Raised serum concentrations of total creatine 
kinase and its MB fraction, though very sen- 
sitive and specific, tend to occur later than ST 
segment changes during the course of myocar- 
dial infarction. Our data indirectly support this 
finding because we found a significant positive 
correlation between the duration of chest pain 
and the serum concentration of creatine kinase 
and its MB isoenzyme. This relation disap- 
peared when we analysed patients who had had 
chest pain for < 6 h. Furthermore, both 
creatine kinase and the MB isoenzyme were 
independently associated with myocardial 
infarction in the total study population, but this 
relation was not apparent when patients with 
prolonged chest pain were excluded. 

Several studies have compared creatine kin- 
ase and creatine kinase MB with myoglobin 
during the early phase of myocardial infarction. 
In general these studies have found that serum 
myoglobin has a higher diagnostic sensitivity 
than creatine kinase and its isoenzyme," 
though one study found no difference between 
the early rise of creatine kinase MB and 
myoglobin.” Our data support the superiority 
of myoglobin as an early marker of myocardial 
infarction because we found that myoglobin 
was a strong independent predictor of myocar- 
dial infarction in patients with symptoms of 
short duration. 

Serum concentrations of myoglobin above 
the normal range have been found as early as 
one hour after myocardial infarction, with peak 
activity in the range of 4-12 hours.’ In addi- 
tion, it has been suggested that serum 
myoglobin mirrors the early course of myocar- 
dial necrosis; this was substantiated by the 
temporal relation between myoglobin release 
and electrocardiographic changes in infarc- 
tion.” The overall cumulative release of 
myoglobin also correlates well with infarct size. 
Despite these impressive characteristics, serum 
myoglobin has not been used extensively for 
routine analysis in myocardial infarction. The 
main reason has been the very long assay times 


4-7 


338 


too 


(°l) 50 


0 50 =: 100 


Non-MI 
MI 

150 200 250 300 350 400 450 500 
Myoglobin (ug/I) 


Figure I Cumulative distribution function describing the percentage of patients 
(ordinate) with and without a diagnosts of myocardial infarction for a groen serum 
concentration of myoglobin (abscissa), as analysed by the radioimmunoassay. For 
example, the concentration was < 50 pig/l in 80% of those without myocardial infarction 
and in 13% of the patients wth myocardial infarction. MI, myocardial infarction. 


Figure 2 Algorithm for 
diagnosis of myocardial 
infarction tn patients in 
whom both the 

lagram and 
serum myoglobin were 
available for analysis 
(n=70). The algorithm 15 
based on the assumption 
that additional testing is 
only necessary in patients 
without ST elevation. The 
calculated sensitivity was 
82% and the specifiaty 
SPE ML, myocardial 


required, though more recent assays are 
becoming shorter. The rapid latex agglutina- 
tion kit for myoglobin gives a result within ten 
minutes and can be performed by the bedside. 

We found a good correlation between the 
serum concentration of myoglobin as measured 
by both the radioimmunoassay and the rapid 
latex agglutination kit. Other investigators 
have described similar findings, but noted a 
low reproducibility in the 80-140 ug/l range." 
The diagnostic information was greater with 
the serum test for myoglobin than with the kit 
method. The results of the radioimmunoassay 
showed that many patients with myocardial 
infarction had serum concentrations in the 
range of 50-90 ug/l! (fig 1). Had 50 ug/l been 
used as the upper limit of normal, the sen- 
sitivity would have been 87% and the 
specificity 82% in this study population. This 
underscores the importance of establishing a 
normal range for the particular population 
under investigation so that suitable sensitivity 
and specificity can be developed. 

The adjunctive value of serum concentra- 
tions of myoglobin to the electrocardiogram is 
clearly established in this study—the diagnos- 
tic accuracy of ST elevation was doubled. The 
electrocardiogram made only a small additional 
contribution to the diagnosis of myocardial 
infarction once the serum concentration of 
myoglobin was measured by radioimmuno- 
assay. Similar findings were noted when the 
myoglobin kit was used. Valuable time would 
be lost if the radioimmunoassay was per- 
formed during myocardial infarction. The kit 
gives less diagnostic information than the 


ECG 
8T Elevation 
ee ASi 
NO(39) YES ( 31) 
PE 
GN 
Negative ( 29 ) Positive (10 ) 
M=8 Ml = 9 Me 
non-M = 21 nor-Mi = 1 nonM = 3 


Ohman, Casey, Bengtson, Pryor, Tormey, Horgan 


radioimmunoassay but it still enhances the 
diagnostic accuracy. In particular, 50% of 
patients with initially negative electrocar- 
diograms and myocardial infarction were 
correctly diagnosed on the basis of their serum 
myoglobin concentrations, without an increase 
in the percentage of false positive results (fig 2). 
So a stepwise approach could be used and 
might improve the rapid identification of 
patients with myocardial infarction. 

We examined potential markers of early 
myocardial infarction. In 82 consecutive 
patients ST elevation on the electrocardiogram 
and serum myoglobin were the variables that 
best identified myoeardial infarction. A short 
algorithm can be performed in ten minutes and 
gave an accurate diagnosis in 82% of patients. 
The hypothesis that rapid determination of 
serum myoglobin may improve the speed and 
accuracy of diagnosis in patients with sus- 
pected acute myocardial infarction deserves 
further evaluation. 
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Importance of reciprocal ST segment depression 
in leads V5 and V6 as an indicator of disease of the 
left anterior descending coronary artery in acute 
inferior wall myocardial infarction 


Boris Strasberg, Avraham Pinchas, Gabriel I Barbash, Hanoch Hod, Shmuel Rat, 
Yedael Har-Zahav, Avraham Caspi, Samuel Sclarovsky, Jacob Agmon 


Abstract 

The purpose of this study was to 
determine the coronary angiographic 
correlations (specifically disease of the 
left anterior descending coronary 
artery) of reciprocal ST segment depres- 
sion appearing during inferior acute 
myocardial infarction. Forty six patients 
(41 men and five women; mean age 56 
years) were allocated into two groups 
based on the extent of precordial ST 
segment depression: widespread (V1~V6) 
ST depression v localised (V1-V4) ST 
depression. Patients with no reciprocal 
ST depression or patients with ST 
depression in V1-V4 but with ST eleva- 
tion in V5 and V6 (inferolateral acute 
myocardial infarction) were excluded. 
All patients were catheterised during 
hospital admission for infarction. 
Twenty four of the 28 patients with ST 
depression in V1-V6 had significant 
lesions in the left anterior descending 
coronary artery whereas 16 of the 18 
patients with ST depression in V1-V4 
had insignificant or no lesions in the 
left anterior descending artery. The 
sensitivity, specificity, and positive and 
negative predictive values of widespread 
ST depression in predicting disease in 
the left anterior descending coronary 
artery were 92%, 80%, and 86% and 89% 
respectively. 

In patients with inferior acute 
myocardial infarction and precordial ST 
depression, the extent of ST depression 
is of clinical significance. Widespread 
(V1-V6) ST depression suggests disease 
of the left anterior descending coronary 
artery, whereas localised ST depression 
(V1-V4) indicates its absence. 


Inferior acute myocardial infarction in its 
early stages is usually accompanied by ST 
segment depression in the precordial leads. 
The clinical significance of this ST segment 
depression has been the subject of recent 
investigations because of the possibility that 
this reciprocal ST segment depression 
indicates additional anterior wall ischaemia.' 
Furthermore, it has been suggested that ST 
segment depression is an indicator of disease 
of the left anterior descending coronary 
artery.? In this study, we evaluated the 


frequency of disease in the left anterior des- 
cending artery in patients with inferior acute 
myocardial infarction in relation to the extent 
(widespread v localised) of precordial ST 
depression. 


Patients and methods 

We reviewed the admission electrocardiogram 
of patients admitted to hospital with a first 
inferior acute myocardial infarction and with- 
out previous acute myocardial infarction at 
any other site who underwent coronary 
angiography during the same hospital 
admission. 


PATIENTS 

We studied 46 patients with inferior acute 
myocardial infarction. Thirty six of these 
patients came from our patient population 
who had had coronary angiography during the 
same hospital stay, usually for clinically 
indicated reasons (post-infarction angina, 
young age) during the years 1986-87. Ten 
additional patients were selected from a 
cohort of 100 patients admitted with acute 
myocardial infarction and treated with 
thrombolytic agents, who had cardiac 
catheterisation performed within the next 48 
hours. The total group consisted of 41 men 
and five women aged 39-73 (mean 56 years). 


SELECTION CRITERIA 

The diagnosis of acute myocardial infarction 
was based on the classic triad of severe chest 
pain, evolving ST-T changes with develop- 
ment of abnormal Q waves, and an increase in 
the serum concentrations of cardiac enzymes. 
Patients were included if the admission elec- 
trocardiogram showed ST segment elevation 
of at least 1-5 mm in the inferior leads (usually 
leads III and aVF), and reciprocal ST seg- 
ment depression defined as > 1 mm horizontal 
or downward sloping ST depression at 0-08 s 
from the J point of the QRS complex in the 
anteroseptal leads (usually V2 and V3). 
Patients with no ST segment depression in 
leads VI-V4 and/or patients with ST segment 
elevation (> 1 mm) in leads V5 and V6 (owing 
to lateral wall involvement) were excluded. 
The 46 patients included in the study were 


.divided into two groups according to the 


extent of ST segment depression. The first 
group (28 patients) showed widespread ST 
segment depression (V1-V6) and the second 
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Examples of 
electrocardiograms in 
patients with inferior acute 
myocardial infarction 
shounng widespread 
V1-V6 (top panel) and 
localised V1-V4 (bottom 
panel) reciprocal ST 
segment depression. 


Strasberg, Pinchas, Barbash, Hod, Rat, Har-Zahav, Gaspi, Sclarousky, Agmon 




































































group (18 patients) showed ST depression 
only in V1 to V4 (isoelectric ST in V5 and V6) 
(figure). 

Coronary angiography (by Judkins’s or 
Sones’s technique) was performed in all 
patients during the hospital admission for 
acute myocardial infarction. A significant 
coronary stenosis was defined as an obstruc- 
tion of >70% of the luminal diameter in one 
or more projections. The coronary anatomy 
was reviewed by two observers who had no 
prior knowledge of the patient’s electro- 
cardiogram. For the purpose of this study, 
disease of the left main coronary artery 
(obstruction >50%) was regarded as disease 
of the left anterior descending coronary 
artery. $ 


STATISTICAL ANALYSIS 

We used y° analysis (with Yates’s correction) 
to determine whether the frequency of disease 
of the left anterior descending coronary artery 
was significantly different in the two 
electrocardiographic groups. In addition, we 
calculated the sensitivity, specificity, and 
positive and negative predictive value of wide- 
spread ST segment depression for disease of 
the left anterior descending coronary artery. 


Results 

Both groups were similar in terms of age, sex, 
and degree of ST depression in leads V1—-V4. 
Of 28 patients with widespread ST segment 
depression (V1-V6) 24 (86%) had significant 
lesions of the left anterior descending 
coronary artery (two patients had disease of 
the left main coronary artery) whereas 16 
(89%) of the 18 patients with ST segment 
depression in V1~V4 had insignificant or no 
disease of the left anterior descending 
coronary artery (p < 0-005). The sensitivity, 
specificity, and positive and negative predic- 
tive value of the presence of widespread ST 
segment depression for the recognition of 
disease of the left anterior descending coron- 
ary artery were 92%, 80%, and 86% and 89% 
respectively. 


Discussion 

Much has been written about the significance 
and clinical implications of the presence or 
absence of ST segment depression in the 
precordial leads during inferior acute myo- 
cardial infarction. In general, it has been shown 
that precordial ST segment depression during 





inferior acute myocardial infarction indicates a 
larger infarction, predicting a worse prognosis, 
especially if the ST segment depression lasts 
for more than 48 hours.** 

Though some studies showed that ST seg- 
ment depression in patients with acute myocar- 
dial infarction indicates additional anterior wall 
ischaemia! ?™™ others showed that ST depres- 
sion represents a reciprocal phenomenon that 
may be distorted by concomitant right 
ventricular or lateral left ventricular 
involvement.” 

In several studies the coronary anatomy 
(especially that of the left anterior descending 
coronary artery) was examined in patients with 
inferior acute myocardial infarction with 
reciprocal ST segment depression and in those 
without. The results of these studies were also 
contradictory. Gibson et aland Lew et al found 
no difference in the frequency and the extent of 
coronary artery disease and in the frequency of 
disease of the left anterior descending coronary 
artery between patients with inferior acute 
myocardial infarction with precordial ST 
depression and in those without.” ° In contrast, 
Gibelin et al found a significantly higher 
frequency of left coronary disease (left anterior 
descending and circumflex arteries) in patients 
with ST depression.'* Similarly, Salcedo et al 
found a high frequency of disease of the left 
anterior descending coronary artery (96%) in 
patients with ST depression.” None of the eight 
patients without reciprocal precordial ST 
depression had disease of the left anterior 
descending coronary artery. Similar results 
were reported by Akhras et al." 

We studied the frequency of disease of the 
left anterior descending coronary artery in 
patients with inferior acute myocardial infarc- 
tion and precordial ST depression. We divided 
them into two groups based on the extent of 
ST depression (V1-V6 v Vi-V4 only). This 
division was arbitrary but was, however, based 
on our preliminary observations. We found 
that pure reciprocal changes are usually 
confined to the anteroseptal leads (V1—V4) 
whereas direct anterior subendocardial 
ischaemia is usually seen in the lateral leads 
(V4-V6).5 16 

We found that 24 (86%) out of 28 patients 
with widespread ST depression had significant 
disease of the left anterior descending coronary 
artery, whereas only two (11%) out of 18 
patients with localised ST depression (VI—V4) 
did (p <0-005). These results gave sensitivity, 
specificity, and positive and negative predic- 


ST depression in inferior acute myocardial infarction 


tive values of 92%, 80%, 86% and 89% 
respectively. 

Our results suggest that localised ST 
segment depression in V1l-V4 is purely a 
reciprocal phenomenon, but that widespread 
ST depression (including V5 and V6) is a more 
complex phenomenon that probably indicates a 
reciprocal phenomenon and soine additional 
ischaemic process unrelated to the acute 
occlusion of the artery, which is likely to be 
related to disease of the left anterior descending 
coronary artery. This additional ischaemic 
process is most probably subendocardial 
(represented by ST depression) and not neces- 
sarily severe enough to cause further 
haemodynamic embarrassment. 

Our study had certain limitations. Firstly, 
we studied a specific subgroup of patients with 
inferior acute myocardial infarction. We 
included only patients with ST depression and 
patients without ST segment elevation in the 
lateral leads (V5 and V6); therefore we did not 
examine the implications of ST depression in 
Vi-V4 in patients with inferolateral acute 
myocardial infarction. Secondly, since this is a 
retrospective study we cannot be certain that 
the precordial leads, especially V5 and V6, were 
properly positioned. If they were misplaced 
towards V4 the tracing could be misinterpreted 
as showing widespread ST depression. We 
excluded the only patient in whom there was a 
discrepancy between leads V5 and V6 (that is 
ST depression in V5 and none in V6). 

In patients with inferior acute myocardial 
infarction and precordial ST depression the 
extent of precordial ST depression may be of 
clinical significance. Widespread (V1-V6) ST 
depression suggests multivessel disease 
(specifically of the left anterior descending 
coronary artery) whereas localised ST depres- 
sion (V1—V4) indicates that there is no disease 
of the left anterior descending coronary artery. 
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QT dispersion: an indication of arrhythmia risk in 
patients with long QT intervals 


Christopher P Day, Janet M McComb, Ronald W F Campbell 


Abstract 

Homogeneity of recovery time protects 
against arrhythmias whereas dispersion 
of recovery time is arrhythmogenic. A 
single surface electrocardiographic QT 
interval gives no information on recovery 
time dispersion but the difference be- 
tween the maximum and minimum body 
surface QT interval may be relevant. This 
hypothesis was tested by measuring the 
dispersion of the corrected QT interval 
(QTc) in 10 patients with an arrhyth- 
mogenic long QT interval (Romano Ward 
and Jervell and Lange-Nielsen syndrom 
or drug arrhythmogenicity) and in fs 
patients without arrhythmias in whom 
the QT interval was prolonged by sotalol. 
QTc dispersion was significantly greater 
in the arrhythmogenic QT group than in 
the sotalol QT group. 

In patients with prolonged QT 
intervals, QT dispersion distinguished 
between those with ventricular arrhyth- 
mias and those without. This supports the 
hypothesis that QT dispersion reflects 
spatial differences in myocardial 
recovery time. QT dispersion may be 
useful in the assessment of both arrhyth- 
mia risk and the efficacy of antiarrhyth- 


mic drugs. 


The QT interval is one of the most contro- 
versial and least understood features of 
the surface electrocardiogram. Low T wave 
amplitude and U waves contribute to difficul- 
ties of QT measurement. The heart rate and the 
catecholamine dependence of the QT interval 
complicate the definition of normal values. 
None the less, the QT interval is clinically 
useful. Its prolongation has been related to an 
important arrhythmogenic risk in situations 
such as drug toxicity and in the Romano Ward 
and Jervell and Lange-Nielsen syndromes. 
Moreover, QT interval abnormalities iden- 
tified high risk survivors of acute myocardial 
infarction.' 

A single derived value of QT from an elec- 
trocardiogram embodies the concept of a global 
value for cardiac repolarisation time. Our 
previous work has shown that the QT interval 
varies from lead to lead of the surface elec- 
trocardiogram.? If such variation is merely a 
technical “artefact” caused, for example, by 
differences in unipolar versus bipolar leads, by 
differential tissue attenuation or by cancel- 
lation of vectors, then a derived average QT 


value from the electrocardiogram is scien- 
tifically valid. 

But what if QT variation across the leads of 
the surface electrocardiogram reflects regional 
differences in repolarisation? The electrocar- 
diogram does provide regional information 
about infarction and ischaemia. If the spread of 
QT values represents dispersion of repolaris- 
ation, this would be of great clinical importance. 
Increased dispersion is widely acknowledged to 
be an important basis for serious ventricular 
arrhythmias’‘ and a decrease in dispersion 
probably explains the action of class III 
antiarrhythmic drugs.° 

We have shown that regional differences in 
ventricular recovery time are expressed on the 
epicardial surface of the heart as reflected by 
monophasic action potentials measured during 
open heart surgery.® Linking this information 
with our observations on QT measurement 
from surface electrocardiogram leads,’ we have 
now examined differences in the QT interval in 
the 12 lead electrocardiogram in two groups of 
patients with QT prolongation. In one group 
the QT prolongation was arrhythmogenic; all 
patients had confirmed arrhythmias caused by 
either the congenital long QT syndromes or by 
antiarrhythmic’ drug effects. In the other 
group, QT prolongation was caused by treat- 
ment with sotalol, a 8 blocker with class III 
effects; these patients had no arrhythmias. 


Patients and methods 

PATIENTS 

We studied two groups of patients: an arrhyth- 
mogenic QT group and a group with QT 
prolongation caused by sotalol. 


ARRHYTHMOGENIC QT 

Ten patients with a history of ventricular 
arrhythmia and a long QT interval (nine con- 
genital, one quinidine related) were identified 
either from published case reports (eight 
patients)’ or from our own patient population 
(two patients). We considered nine other case 
reports but excluded, them because the pub- 
lished electrocardiograms were not of adequate 
quality or did not show a timing reference. 
Selection was made before any measurement 
and no patient was rejected after initial selec- 
tion. 


SOTALOL QT 

Fourteen patients were selected from a total of 
41 who had received sotalol as part of a double 
blind randomised trial of oral sotalol one year 
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OT dispersion: an indication of arrhythmma risk in patients with long QT intervals 


Table 1 Characteristics of 10 patients with arrhythmogemc QT intervals 


Panent Sex Age (yr) Duagnons Case source 
1 F 18 Romano Ward syndrome Freeman Hospital patient 
2 F 18 Romano Ward syndrome Freeman Hospital patient 
3 M 36 Romano Ward syndrome Case 1 im reference 7 
4 M 9 Romano Ward Case 2 in reference 7 
5 M 11 ‘ard syndrome Case 5 in reference 8 
6 F 18 Romano Ward syndrome Case 1 m reference 9 
7 F 12 Jervell and Lange-Nielsen syndrome Case 1 in reference 10 
8 F 10 Jervell and Lange-Nielsen syndrome Case 2 m reference 10 
9 F 8 terval and Lange-Nielsen syndrome Reference 11 
10 M 50 Quimdine treatment for SVT Reference 12 


SVT, supreventriculer tachycardia 


Table 2 Hiecirocarhoiräohi variables (maximum QTc, QT dispersion, QTc dispersion (ms) ) and number of 
measurable leads in 10 patients with arrkythmogemc QT (history of ventricular arrhythmas) and 14 patients with 
long QT caused by sotalol treatment (no history of ventricular arrhythrmas) 





A T group 
~ Electrocardiographac variable if Hey ie s 
QTc max (range) 440-750 
QTc max (mean (SE)) 645 (32) 
QTc dispersion (mean (SE)) 178 (18) 
QT dispersion (mean (SE))* 185 (26) 


Number of leads measurable (range) 5-10 


Significance of difference Sotalol QT group 
(p)t (n = 14) 
— 530-670 
< 0-05 572 g 
< 00001 60 
< 00001 60 
4-10 


*Difference between maximum and minimum QT (QTc). QTc max, maxtmum corrected QT interval ft tests performed on 


loganthmically transformed data. 


after infarction. ® They were all those who had 
a maximum corrected QT interval (QTc) 
> 500 ms at one month. No patient treated 
with sotalol had symptomatic ventricular ar- 
rhythmias during one year follow up. All were 
in sinus rhythm. None had evidence of bundle 
branch block and none was taking drugs known 
to influence the QT interval, other than sotalol. 


QT ANALYSIS 

Standard 12 lead electrocardiograms were 
recorded in the arrhythmogenic QT group at 
either 25 or 50 mm/s, while those in the sotalol 
QT group were recorded at 50 mm/s. Elec- 
trocardiograms from the case reports were 
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QT and QTc dispersion in 10 patients with 
arrhythmogentc QT (hastory of ventricular arrhythmias) 
and 14 patients with long QT due to sotalol treatment 
(no history of ventricular arrhythmias}. 


enlarged to an appropriate size for 
measurement. An observer used a digitiser 
(Calcomp 9000) to measure the QT intervals 
from the onset of the QRS to the end of the T 
wave, defined as a return to the T-P baseline. 
When U waves were present the QT was 
measured to the nadir of the curve between the 
T and U waves. Wherever possible, three 
consecutive cycles were measured in each of the 
12 electrocardiogram leads and from the three 
values a mean QT and QTc was calculated. 
When the end of the T wave could not be 
reliably identified that lead was not included in 
subsequent analysis. QT dispersion was 
defined as the difference between the maxi- 
mum and minimum QT occurring in any of the 
12 electrocardiogram leads in which it could be 
reliably measured. QTc dispersion was also 
calculated. 


STATISTICAL ANALYSIS 

We used Student’s unpaired t test to compare 
the group means and we calculated the con- 
fidence intervals." 


Results 

Table 1 shows the age, sex, underlying diag- 
noses, and case source of the patients with 
arrhythmogenic QT intervals. Eight of the 
sotalol QT patients had suffered an anterior 
myocardial infarction and six an inferior 
infarction. 

Table 2 shows the results of QT analysis. 
The number of measurable leads for the two 
groups was similar. For all three variables, QTc 
max, QT, and QTc dispersion, the standard 
deviations of the two patient groups increased 
with the means. To adjust for this, significance 
tests were performed on the data after logarith- 
mic transformation. The QTc intervals were 
slightly longer in the arrhythmogeni¢ QT 
group. Both QT dispersion and QTc disper- 
sion were significantly greater in the arrhyth- 
mogenic QT group (95% confidence interval 
for the ratio of QTc geometric means was 2:01 


to 4:3) (see figure). No patient in the sotalol 
group had a QTc dispersion > 100 ms while 
only one patient in the arrhymogenic group had 
a QTc dispersion < 100 ms. 


Discussion 

Our results of QT measurement in arrhyth- 
mogenic and non-arrhythmogenic patients 
support the concept that QT variability on the 
surface electrocardiogram is not a technical 
artefact but rather reflects regional myocardial 
electrical recovery. Our results challenge the 
concept of a single global value for the QT 
interval. Such a value has been reported to be 
clinically useful but usually only when mark- 
edly abnormal or when monitored for change. 
Our results suggest that much more infor- 
mation is available on the surface electrocar- 
diogram regarding repolarisation than is re- 
flected by a single QT value. But are the results 
reliable? The measurement methods have been 
painstakingly validated? Surface electrocar- 
diogram QT measurements can never be 
wholly accurate but we have previously shown 
that variation in interlead measurements far 
outweighs inaccuracies introduced by anv 
other factor. 

The maximum QTc was significantly greater 
in the arrhythmogenic group than in the sotalol 
group but there was considerable overlap be- 
tween the groups. A QTc dispersion of 100 ms 
was better at separating the two groups than 
any single value of maximum QTc. 

The concept that body surface QT variation 
reflects dispersion of repolarisation is sup- 
ported by other work. Studies in patients with 
the long QT syndromes have shown large 
spatial differences in myocardial recovery time 
as shown both by the duration of monophasic 
action potentials in different parts of the 
ventricle’ and by body surface mapping.” 
Moreover, bretylium, a class III as well as a 
class II antiarrhythmic agent, reduced tem- 
poral dispersion of effective refractory periods 
in dogs and this effect correlated with an 
increase in the ventricular fibrillation thres- 
hold. 

Our results do not prove that QT variability 
on the surface electrocardiogram reflects dis- 
persion of repolarisation but they do support 
that hypothesis. The conventional 12 lead 
electrocardiogram remains in clinical practice 
more for historical than for scientific reasons. 
For the purpose of this research, different lead 
positions and consistent léad configurations 
(unipolar) have many attractions. We used the 
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standard 12 lead electrocardiogram both 
because rare patient data (long QT syndromes) 
were available in this format and because, if the 
results of our study are accepted, a beguilingly 
simple and accessible clinical method could be 
used and tested by others. The proof of the 
concept must come from intraoperative studies 
in which epicardial monophasic action poten- 
tials are correlated with body surface elec- 
trocardiogram features. Such work is tech- 
nically difficult but is in progress. Reliable, 
non-invasive access to dispersion of repolarisa- 
tion could radically alter our approach to 
arrhythmias, our concepts and prediction of 
arrhythmogenesis, and the precision of 
prognosis. 


This work was supported by a grant from the British Heart 
Foundation and the Briush Digestive Foundation. 
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Changing role of non-invasive investigation in the 
preoperative assessment of congenital heart 
disease: a nine year experience 
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Abstract 
The total surgical experience of a 
supraregional paediatric cardiology unit 
over a nine year period (January 1980 to 
December 1988) was reviewed to assess 
the effect of the introduction of the full 
range of ultrasound techniques. A total 
of 1517 patients underwent cardiac sur- 
gery (955 cardiopulmonary bypass, 562 
closed procedures). Of these, 485 patients 
(32%) did not undergo cardiac catheter- 
isation before operation: 217 bypass (23% 
of all procedures under cardio- 
pulmonary bypass) and 268 closed 
procedures (48%). The overall ratio of 
catheterisations to operations for 
patients undergoing palliative or correc- 
tive surgery fell from 0-97 (1980) to 0-38 
(1988). The patients were classified as (a) 
neonates (0-28 days), (b) infants (one to 
12 months), and (c) children (one to 14 
years). The main impact of non-invasive 
surgical referral was in neonates (total 
catheter:operation ratio 0°38; neonates 
0-2 for 1988). The surgical population 
was further divided according to the 
principal echocardiographic technique 
available: (a) 1980-4 cross sectional 
imaging; (b) 1985-6; imaging plus spec- 
tral Doppler ultrasound; (c) 1987-8; 
imaging plus spectral Doppler 
ultrasound and colour flow mapping. A 
fall in the catheter:operation ratio for all 
age groups was most pronounced in the 
last four years. This reflects increased 
familiarity and surgical confidence with 
non-invasive diagnostic assessment. The 
introduction of each new echocardio- 
graphic technique was associated with a 
significant fall in the total cath- 
eter:operation ratio compared with the 
preceding period. Six incorrect 
ultrasound diagnoses were made during 
the entire period; one of these patients 
died in the early postoperative period. 
The integration of Doppler ultrasound 
with cross sectional imaging has made 
non-invasive assessment an increasingly 
practical alternative to preoperative 
cardiac catheterisation. 


Cross sectional echocardiography has come to 
be accepted as an excellent non-invasive tech- 
nique for morphological evaluation of con- 
genital heart defects.'? In young patients it 


provides detailed information about intracar- 
diac structure, and with a sequential approach 
the precise connections, relations, and mor- 
phology can be evaluated in detail.? With the 
introduction of spectral Doppler and colour 
flow mapping it has become possible to derive 
haemodynamic information even in complex 
cardiac malformations. The combined use 
of these techniques should provide much of 
the information previously only available from 
cardiac catheterisation and angiography. 

Previous studies of non-invasive pre- 
operative assessment in congenital heart dis- 
ease have been restricted to small or selected 
groups of patients. There has not been a study 
of a total paediatric cardiology practice.’ The 
Wessex region is one of the nine designated 
supraregional centres in England and Wales 
for neonatal and infant cardiac surgery. It 
serves a population of approximately 3-2 
million people, and has a static annual number 
of livebirths of approximately 33000. The 
population has remained virtually constant 
with little migration of the patient population 
out of or into the Wessex region. Virtually all 
infants or children with suspected congenital 
heart disease are referred to the regional cen- 
tre. Some cases are referred from outside the 
region. A full range of paediatric surgical 
services except transplantation is available in 
the unit. Accurate statistics have been recor- 
ded for the Wessex region since 1980. 

Cross sectional imaging has been available 
in the unit from 1980. Spectral Doppler scan- 
ning was introduced in 1984 and colour flow 
mapping in 1987. With each new introduction 
there has been a significant change in the 
unit’s clinical practice, with increasing sur- 
gical referral on the basis of non-invasive 
investigations alone. We retrospectively 
analysed the impact of these changes on sur- 
gical referral patterns in paediatric heart dis- 
ease. 


Patients and methods 

From January 1980 to December 1988, 1517 
operations were performed on patients with 
various congenital heart defects. Initial assess- 
ment in all patients included clinical examina- 
tion, relevant biochemical tests, chest x ray, 
electrocardiography, and echocardiography. 
Cross sectional echocardiography was carried 
out with ATL Mark III, Ultramark 4 
(75 MHz, 5 MHz short and medium focus, 
or_3-5 MHz probes), or with Toshiba SSH 
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Graph showing the ratios 
of diagnostic cardiac 
cathetertsations to 
operations for congemtal 
heart disease from 
January 1980 to December 
1988. The ratios are 
shown for the total surgical 
population and for the age 
group subsets (see text). 
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60A or SSH 65A ultrasound systems (5 mHz, 
3-7 mHz, or 2:5 mHz probes). Since 1984, 
duplex scanning with the Toshiba system and 
non-imaging continuous wave Doppler with 
the Vingmed SD 100 system were also used in 
evaluation. Colour flow mapping has been 
routinely used since 1987. 

Surgical procedures in this period were 
divided into cardiopulmonary bypass and 
closed (non-bypass) procedures. The records 
of patients requiring diagnostic preoperative 
cardiac catheterisation were reviewed, and a 
ratio of diagnostic catheter procedures tb 
operations was taken to represent patients 
requiring preoperative invasive assessment 
(figure). The patients were divided into three 
age groups: neonates (0-28 days); infants (one 
to 12 months), and children (one to 14 years). 
The cut off age of 14 years is the upper age 
limit for admission to the paediatric unit of 
the Wessex Cardiothoracic Centre. To define 
the influence of the echocardiography the 
patient population was further divided accor- 
ding to the principal non-invasive diagnostic 
technique(s) available: (a) 1980-4, cross 
sectional imaging alone; (6) 1985-6, cross 
sectional imaging plus pulsed and continuous 
wave Doppler; (c) 1987-8, cross sectional 
imaging with Doppler colour flow mapping. 
Although cross sectional echocardiography 
was available in 1980, the period 1980-81 was 
taken to represent a “learning period” with 
this technique because most patients also 
underwent diagnostic cardiac catheterisation 
during these two years. 

Diagnostic errors (incomplete or incorrect 
diagnoses) in patients referred for surgery on 
ultrasound findings alone were identified. We 
attempted to define the influence of non- 


Table 2 Diagnoses in 189 neonates referred for 
operation without catheterisation 





Diagnosis No 
DA 70 
Coarctation/interrupted arch 41 
Complex cyanotic CHD/shunt 29 
Pulmonary stenosis ll 
Truncus arteriosus 9 
Pulmonary artery banding 5 
Ventricular septal defect 5 
Aortic stenosis 5 
Transposition/anatomic repair 3 
TAPVD 2 
Atrioventricular septal defect 1 
Miscellaneous 2 





CHD, congenital heart disease; DA, ductus arteriosus; 
TAPVD, total anomelous pulmonary venous drainage. 


invasive and invasive assessment on the sur- 
gical outcome. We compared the proportion 
of patients undergoing diagnostic cardiac 
catheterisation in each period with that in the 
previous period using a y’ fourfold table with 
Yates’s continuity correction. 


Results 

TOTAL POPULATION 

As the routine use of cross sectional echocar- 
diography increased there was a highly sig- 
nificant fall in the overall ratio of diagnostic 
catheterisations to operations (1980/81 v 1983/ 
84; p < 0-001). The subsequent introduction 
of pulsed and continuous wave Doppler and 
colour flow mapping also produced significant 
decreases in the ratio (p< 0-001 and 
p < 0-025 respectively) compared with the 
catheter:operation ratio for the preceding 
period (figure and table 1). 


NEONATES 

Of 284 operations performed on neonates over 
nine years (91 bypass, 193 closed), diagnostic 
cardiac catheterisation was required in 93 
(33%) (51 bypass, 42 closed). Interventional 
catheterisation procedures for conditions that 
required later surgical correction (for example 
balloon septostomy for complete transposition) 
were classified as diagnostic cardiac catheter- 
isation. The number of diagnostic catheterisa- 
tion procedures continued to fall as confidence 
grew in the diagnosis of structural malforma- 
tions by cross sectional echocardiography 
(catheter:operation ratio for 1980/81 v 1983/84, 
p < 0-001). The addition of pulsed and contin- 
uous wave Doppler ultrasound to the routine 
preoperative assessment produced a further fall 
in preoperative diagnostic catheterisation 


Table 1 Ratto of cardiac cathetertsations to operations m all age groups (1980-88) 


Cardiopulmonary bypass Closed operations 
Year Op total Cath total cop Op Cath cop Op Cath c:op 
1980 115 lL 0°97 68 68 10 47 43 091 
1981 131 129 098 82 82 10 49 47 0-96 
1982 108 101 094 63 63 10 45 38 084 
1983 166 141 09 108 106 098 58 35 0-6 
1984 180 134 074 109 100 092 71 34 048 
1985 167 107 0 64 98 79 081 69 28 041 
1986 222 126 057 137 101 0-74 85 25 029 
1987 233 108 046 157 74 047 16 34 0-45 
1988 195 75 038 133 65 049 62 10 016 
Total 1517 1032 955 738 562 294 





Cath, diagnostic cardiac catheterisations, Op, operations, c.op, ratio of diagnostic catheterisations to operations. 


Table 3 Diagnoses in 119 infants referred for operation 
without cathetertsation 


Diagnons No 
DA 33 
Ventricular septal defect 16 
Coarctanon 14 
Complex cyanotic CHD et 13 
Atnoventricular septal 9 
Secundum atrial septal defect 8 
Aortic stenosis 5 
TAPVD 5 
Pulmonary stenosis 3 
Truncus arteriosus 3 
Transposition/anatomical repair 2 
Tetralogy of Fallot 1 
Aortopulmonary window 1 
teallnneotia 6 (vascular ring, 
arteriovenous fistula 


etc) 


See foomote to table 2 for abbrevianons 


(catheter:operation ratio for 1983/84 v 1985/86, 
p < 0:001). The trend towards reduced cath- 
eterisation was especially pronounced in neo- 
nates requiring closed cardiac surgery. In 
1987/88, 16/20 neonates undergoing shunt 
procedures, 15/15 patients with coarctation, 
and 16/16 neonates requiring duct ligation did 
not have preoperative catheterisation, This 
trend has been followed to a lesser degree for 
procedures requiring cardiopulmonary bypass. 
Table 2 categorises the individual diagnoses in 
those who had an operation without prior 
catheterisation. 


INFANTS 

Of 509 operations carried out in patients aged 
1-12 months (328 bypass, 181 closed), 391 
patients (274 bypass, 117 closed) required 
diagnostic cardiac catheterisation (total cath- 
eter:operation ratio 0-77) (igure). The ratio of 
diagnostic catheterisations to operation fell 
significantly with the introduction of each new 
non-invasive diagnostic technique (1980/81 v 
1983/84, p < 0-005; 1983/84 v 1985/86, 
p < 0-005; 1985/86 v 1987/88, p < 0-05). 
Separate analysis of the bypass and closed 
groups showed that the effect of cross sectional 
imaging alone was not statistically significant in 
either group. The introduction of spectral 
Doppler and colour flow mapping techniques, 
however, was associated with a significant 
decrease in preoperative catheterisation in 
infants undergoing surgical repair with car- 
diopulmonary bypass (1983/84 v 1985/86, 
p < 0-025; 1985/86 v 1987/88, p < 0-005). 
Table 3 lists the individual diagnoses for all 
infants undergoing surgery without prior cath- 
eterisation. 


CHILDREN 

Of 724 operations performed on children aged 
one to 14 years (536 bypass, 188 closed), 
diagnostic catheterisation was required in 548 
patients (catheter:operation ratio 0-68) (figure). 
The catheter:operation ratio was similar for 
both bypass (0-77) and closed (0:72) 
procedures. Although the catheter:operation 
ratio decreased with the introduction of cross 
sectional imaging, the fall was not statistically 
significant for bypass or closed groups. The 
introduction of spectral Doppler and colour 
flow mapping, however, was associated with a 
significant fall in the catheter:operation ratio 
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Table4 Diagnoses in 177 children referred for 
operation without catheterisation 





Diagnosis No 
Seana atrial septal defect 72 


Subsgortic stenosis 11 

Aortic stenosis/valvotomy 

Ventricular septal defect 

Coarctanion 

Tetralogy of Fallot 

Amioventricular septal defect 

Aortic/pulmonary valve replacement 

Aortopulmonary shunts 
stenosis/valvotomy 

PAPVD/TAPVD 


Cor tratriatum 
Miscellancous 


WHHKWWUAGA Nu 





PAPVD, partial anomalous incor eat venous drainage. See 
foomote to table 2 for other abbreviations. 


for the whole group compared with the preced- 
ing period (p < 0-:001).Table 4 lists the 
individual diagnoses for children referred to 
surgery without catheterisation. 


DIAGNOSTIC ERRORS WITH ECHOCARDIOGRAPHY 
There were six important incorrect ultrasound 
diagnoses in the nine years (0-01% of the 
number investigated non-invasively). One 
patient had multiple levels of coarctation. In a 
neonate with situs ambiguus, univentricular 
atrioventricular connection, and coarctation, 
the laterality of the aortic arch was misdiag- 
nosed. In a patient with pulmonary atresia, 
ventricular septal defect, and bilateral arterial 
ducts, the absence of central pulmonary 
arteries was missed. In a fourth case, coarc~- 
tation of the aorta was incorrectly diagnosed in 
a patient with a thrombosed descending aorta. 
In the fifth patient, despite apparent clinical 
and colour flow mapping evidence of a secun- 
dum atrial septal defect, no interatrial shunt 
was found at operation. Finally, in one patient 
with transposition of the great arteries and a 
ventricular septal defect, additional muscular 
| ventricular septal defects were missed both by 
echocardiography and at the initial pre- 
operative angiographic review. These were 
discovered on review of the angiogram in the 
immediate postoperative period. This patient 
underwent a Mustard procedure and had 
closure of a ventricular septal defect but died 
soon after operation. Surgical mortality could 
not be directly attributed to errors in 
preoperative diagnosis in the remainder. 


OPERATIVE MORTALITY 
Operative or early mortality was defined as 
death occurring during the operation, within 
30 days of operation, or during the period of 
hospital stay if this was longer than 30 post- 
operative days. During 1987 and 1988, when 
the surgical referral based on non-invasive 
diagnosis was at its highest, there were 11 (4%) 
early deaths among 245 patients referred for 
. operation without cardiac catheterisation: 
neonates 7/69, infants 4/51, children 0/125. 
These figures compare favourably with the 
mortality figures for the same two year period 
for patients who underwent preoperative cath- 
eterisation: neonates 4/23, infants 6/65, and 
children 2/96. 

The higher mortality for the neonates was 
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not related to the primary diagnostic method 
(ultrasound or cardiac catheterisation) because 
the diagnosis in all 11 neonates who died was 
found to be complete and correct at operation. 
The individual diagnoses for the seven neo- 
nates who died after operation without cardiac 
catheterisation were: type I or type IJ common 
arterial trunk (three patients), coarctation with 
ventricular septal defect (two patients), pul- 
monary atresia with intact septum requiring 
pulmonary valvotomy and a shunt procedure 
(one patient), and cerebral arteriovenous fistula 
(one patient). 


Discussion 

Cross sectional echocardiography is a reliable 
method for identification of intracardiac mor- 
phology, and it can provide better information 
than cardiac catheterisation and angiography." 
In most children extracardiac vascular struc- 
tures can also be identified reliably." With 
the current improvements in echocardiogra- 
phic machines it is possible to categorise com- 
pletely and systematically most congenital car- 
diac malformations. These echocardiographic 
findings have been extensively validated both 
at operation and necropsy and numerous 
studies have testified to the benefits of cross 
sectional echocardiography in the morpho- 
logical assessment of congenital heart disease. 


NEONATES AND INFANTS 

In our experience cross sectional echocar- 
diography had the biggest impact on the diag- 
nostic assessment of sick neonates and infants. 
Cardiac catheterisation in this group is 
associated with considerable morbidity. '* In 
most neonates with symptoms and an obstruc- 
tive lesion of the outflow tract (for example 
critical aortic or pulmonary valve stenosis, 
coarctation of the aorta, or aortic arch interrup- 
tion) operation can be based on morphology. 
For neonates with more complex malforma- 
tions who require palliative procedures to 
regulate pulmonary blood flow (pulmonary 
artery banding or an aortopulmonary shunt) 
the surgical referral can be made on echocar- 
diographic findings alone.’” In 1987 and 1988, 
only 4/20 neonates who required an emergency 
shunt procedure and 1/5 who required pul- 
monary artery banding had prior catheterisa- 
tion. They needed angiography for better 
definition of the size and distribution of the 
pulmonary vasculature. 

Cross sectional imaging may be inadequate 
in several situations. Haemodynamic informa- 
tion such as the estimation of outflow tract 
gradients, valve regurgitation, or multiple sites 
of intracardiac shunting require additional 
techniques to assess blood flow. Pulsed and 
continuous wave Doppler echocardiography 


are complementary to cross sectional imaging 


in this assessment and have also aided iden- 
tification of extracardiac abnormalities includ- 
ing coarctation of the aorta, interruption of the 
aortic arch, anomalous pulmonary venous 
drainage, or a ductus arteriosus."*™ It has 
become possible reliably to derive the pulmon- 
ary artery systolic presssure in a large propor- 


tion of patients from Doppler echocardio- 
graphy by measuring the peak velocity of 
tricuspid regurgitation; for ventricular septal 
defects similar estimates can be made by 
measuring the velocity of the jet of the ven- 
tricular septal defect.7!# 

The introduction of colour flow mapping in 
1987 provided several additional advantages in 
diagnosis. In ventricular septal defects, colour 
flow mapping has proved more sensitive than 
angiography in the diagnosis of multiple 
defects.” With isolated defects, direct visual- 
isation of the ventricular septal defect jet has 
enabled easier alignment of the jet for contin- 
uous wave Doppler interrogation. Colour flow 
mapping aided the assessment of valve regur- 
gitation and helped in the recognition of 
extracardiac shunts such as patent ducts (25/25 
neonates and infants had duct ligation without 
catheterisation in 1987/88), particularly in the 
sick preterm infant in whom the characteristic 
clinical signs are often absent and imaging 
alone is often unsatisfactory.* Pulmonary vas- 
cular structures are more easily identified in 
complex defects such as pulmonary atresia.” 
Other lesions for which corrective surgery is 
now being regularly performed without prior 
catheterisation include total anomalous pul- 
monary venous connection (7/7 patients in 
1987/88), complete atrioventricular septal 
defect (7/10 patients), and common arterial 
trunk (10/11 patients). 

The routine use of these techniques has 
therefore resulted in an important change in 
our clinical practice, shifting the emphasis 
from cardiac catheterisation and angiography 
towards ultrasound assessment. This is par- 
ticularly true for palliative or corrective sur- 
gical procedures in the neonate that do not 
require cardiopulmonary bypass. 


OLDER CHILDREN 

Older children with simple lesions such as 
uncomplicated secundum atrial septal defect 
are referred for operation on the clinical and 
ultrasound findings alone. For 1987/88, 58/59 
patients with secundum atrial septal defects 
were referred for operation without catheter- 
isation. Similarly, all arterial ducts were ligated 
without additional investigation. 

The relatively high catheterisation rate in the 
older children is related to several factors. In 
1980 to 1984 after the introduction of cross 
sectional imaging, virtually every child who 
underwent surgery had preoperative cardiac 
catheterisation, First, this was the period dur- 
ing which physicians and surgeons assessed the 
value of the technique. It has been the policy of 
the paediatric cardiologists to measure the 
haemodynamic variables at catheterisation in 
most patients-over the age of one year with 
moderate sized left to right shunts. Cardiac 
catheterisation was undertaken to measure the 
shunt and assess the pulmonary vascular 
resistance in 6/11 children who underwent 
closure of an isolated septal defect in 1987/88, 
Additionally, the relative values of echocar- 
diography and cardiac catheterisation for the 
identification and characterisation of specific 
lesions were compared in several studies during 
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this period; this accounted for some of the 
cardiac catheterisation procedures.” The 
catheterisation rate is also related to the 
problems inherent in the currently available 
methods for non-invasive diagnosis. With 
increasing age the available echocardiographic 
window may be reduced as the chest wall and 
lungs become bigger. Many of the older 
patients had also undergone palliative or 
corrective procedures at a younger age, with 
further reduction in echocardiographic visual- 
isation because of acquired adhesions or 
implanted prosthetic material within the 
heart.” Thus in older patients with coarctation 
‘of the aorta gsuprasternal imaging often 
provides less satisfactory images of the arch. 
During this study, balloon angioplasty of coar- 
ctation was not undertaken and all patients 
with native coarctation or recoarctation undeér- 
went surgical repair. Preoperative cardiac cath- 
eterisation was performed in 12/14 children in 
1987/88. For complex cyanotic heart disease 
requiring corrective surgery cardiac catheter- 
isation was invariably required to assess the 
pulmonary vasculature and to calculate the 
pulmonary vascular resistance. All children 
undergoing a Fontan procedure, repair for 
tetralogy of Fallot, or correction of pulmonary 
atresia had cardiac catheterisation in the six 
months before-operation. 
In summary, the aim of any diagnostic 
-technique is to provide the information 
necessary for correct management decisions. 
Although there has been a progressive fall in 
the ratio of diagnostic catheterisations to opera- 
tions for all age groups over the nine years of 
review, this is the result of a combination of 
factors, and it is difficult to isolate the role of 
any individual diagnostic technique. Thus 
while significant falls in diagnostic catheterisa- 
tion were associated with the introduction of 
pulsed/continuous wave Doppler and sub- 
sequently of colour flow mapping, the increas- 
ing experience with cross sectional echocar- 
diography, improvements in image resolution, 
and the surgeons’ confidence with the tech- 
nique may all have contributed. Areas of in- 
accuracies with echocardiography, such as with 
multiple ventricular septal defects or complex 
pulmonary atresia, are also sometimes poorly 
defined by cardiac catheterisation and 
angiography. It is also reassuring that the 
avoidance of cardiac catheterisation did not 
significantly affect surgical mortality. On the 
basis of our experience, we conclude that with 
good quality imaging and Doppler echocar- 
diography it is both feasible and safe to avoid 
cardiac catheterisation in selected patients with 
congenital heart disease. The growing accep- 
tance of these techniques by surgeons is reflec- 
ted in the increasing number of patients of all 
age groups undergoing cardiac operation on the 
basis of ultrasound findings alone. 
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died we cannot be certain that a left pneumo- 
nectomy would have achieved a satisfactory 
long term result because of the apparent 
involvement of the pulmonary vein from the 
right upper lobe. In the surviving patient, we 
shall perform pneumonectomy if his clinical 
condition worsens. Sas 

We describe two patients with congenital 
atresia of the pulmonary veins and confirm the 
value of isotope scans and pulmonary angio- 
graphy in clarifying the diagnosis of this rare 
condition. The diagnosis should be considered 
in any child with recurrent unilateral 
pneumonia, especially if it is associated with 
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haemoptysis and radiographic evidence of 
reduced hung volume on the affected side. 
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Cross sectional echocardiographic identification 
of hypoplastic left heart syndrome and 
differentiation from other causes of right 
ventricular overload 
Peter Ludman, Rodney Foale, Neal Alexander, Petros Nihoyannopoulos 
Abstract We sought to describe the range of cardiac 
To identify the echocardiographic abnormalities associated with hypoplastic left 
features that can be used to distinguish heart syndrome and to identify the 
between hypoplastic left heart syndrome  echocardiographic variables that distinguish 
and other causes of right ventricular the sick neonate with hypoplastic left heart 
overload in the sick neonate cross syndrome from infants with other causes of 
sectional echocardiographic studies of 10 right ventricular overload. 
neonates with hypoplastic left heart 
syndrome were analysed and compared patients and methods 
with those in 15 neonates with other Hypoplastic left heart syndrome was diag- 
causes of right ventricular overload and nosed in 10 neonates referred tothe cardiac 
15 normal controls. Left ventricular and ultrasound laboratory at the Hammersmith 
right ventricular cavity dimensions and Hospital over a period of five years. In nine 
the shape and size of the mitral valve the diagnosis was confirmed at necropsy and 
annulus and aortic root were recorded jin one patient at cardiac catheterisation 
and presented both as absolute values and operation. This patient subsequently died 
(mm) and corrected for body surface and permission for a necropsy was refused 
area (mm/m?’). Logistic regression was (table 1). 
used to produce a classification rule to We also studied 15 neonates with other 
estimate the probability of a neonate causes of right ventricular overload (table 2) 
having hypoplastic left heart syndrome. and 15 clinically normal neonates with similar 
The diameter of the mitral valve annulus age and body surface area (table 3). 
was the single most discriminative 
variable. There was, however, consider- METHODS 
able overlap of all the calculated Complete echocardiographic studies were 
features between neonates with hypo- performed in all patients according to a well 
plastic left heart syndrome and those standardised protocol,’ particular attention 
with other causes of right ventricular was given to imaging the right heart chambers 
overload. from multiple views.? We used suprasternal 
The diagnosis of hypoplastic left heart and high parasternal views to image the aortic 
syndrome should not be based on any arch.” We used ATL Mark 100C ultrasound 
one single echocardiographic feature but equipment with a 5 and a 7 MHz mechanical 
the general appearance of abnormal left transducer or a Toshiba SSH 160A with a 
heart valves, small cavity dimensions, 3-75 MHz and a 5 MHz phased array trans- 
and the size of the mitral valve annulus. ducer. In all neonates we used appropriate on- 
axis projections of right and left ventricles 
Cross sectional echocardiography has en- from parasternal long axis views to measure 
hanced the diagnosis of congenital heart the maximum dimension of the left and right 
disease and in particular of cardiac abnor- ventricular cavities and the thickness of the 
mality in the newborn.’ With conventional posterior left ventricular wall and inter- 
treatment, hypoplastic left heart syndrome is ventricular septum. These measurements 
invariably fatal and must be distinguished were taken at the level of the chordae 
early from potentially operable conditions tendineae (fig 1A). We used cross sectional 
which may have a similar clinical and echo- short axis projections to measure the antero- 
cardiographic presentation. posterior and lateral left ventricular diameters 
Previous reports identified the echo- to assess possible geometric distortion of the 
cardiographic features of hypoplastic left left ventricle secondary to right ventricular 
heart syndrome: the main one is an abnor- overload (fig 1B). Aortic root dimensions were 
mally small left ventricular cavity compared measured from the parasternal long axis 
with the- right ventricle.” Though some projection, the maximum diameter being 
workers reported that associated cardiac recorded at the sinus, sinotubular junction, 
abnormalities aided echocardiographic diag- and ascending aorta (fig 1C). The size of the 
nosis,**® the wide range of cardiac lesions mitral valve annulus was assessed from the 
in this syndrome” makes it difficult to apical four chamber projection (fig 1D). 


distinguish between hypoplastic left heart 
syndrome and other causes of right ventri- 
cular dominance. 


All the chamber dimensions and mitral 
annulus diameter were measured at end dia- 
stole; the aortic root and ascending aorta were 
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Table 1 Climcal and echocardiographic features of the 10 neonates with hypoplastic left heart syndrome 





Age at LV SAX RV LVPW IVS 
study Presenting Weght BSA eS Se i ee 
Patent (days) symptom (kg) (m) (mm) (mm|nè) (AP)(mm) (LAT)(mm) (mm) (mmn?) (mm) (mmi) (mm) (mm/m") 











1 2 C T, F 33 021 12 56 6 8 10 10 47-2 8 37:7 3 142 
2 3 C,T, F 35 Q 22 1] 500 10 12 19 864 2 91 3 136 
3 5 A, T, F 30 0 20 16 800 15 15 15 750 5 250 5 25:0 
4 6 A, T, F 34 022 7 321 li 10 18 826 3 138 3 138 
5 1 A, T, F 29 021 11 529 13 li 16 769 8 385 6 28 8 
6 9 C, T, F 30 021 2 98 2 3 33 1610 2 98 2 98 
7 2 A, T 34 021 8 38 1 13 15 12 571 4 190 4 19-0 
8 5 A, T, F 27 018 13 722 10 15 16 889 3 167 4 222 
9 98 C, T 43 025 13 520 15 22 38 1520 4 16-0 4 160 
10 1 A, T, F 30 0 20 9 46 2 7 9 18 923 3 154 4 20-5 
ean 13 325 021 102 490 195 9194 4-2 20 1 38 18 29 
(1 SD) 045 002 39 198 895 369 10 49 5 89 
Range 
Max 98 43 0 25 16 800 38 1610 8 38 5 6 28 8 
Min 1 27 018 2 98 10 472 2 91 2 9-8 





A, acyanouc; Ao, aorta, Ao-S, aortic root at sinus level, Ao-ST, aortic root at sinotubular level, Ao-AA, ascending sorta, AP, anteroposterior; ASD, atrial septal 

defect. AV, aortic valve, BSA, body surface area, C, cyanosis; Coarctn, coarctation; CS, dilated coronary sinus; DA, ductus arteriosus, Desc, description; EFE, 

endocardial fibroelastosis, F, heart failure; IVS, interventricular septum; L, left, LAT, lateral, LV, left ventricle; LV cont, LV contraction, LVPW, posterior left 

ventricular wall, MO, wunperforate; M1, mimuimal mobility; M2, mobile, Musc VSD, muscular ventricular septal defect, MV, mitral valve annulus; RV, right 

Mao RVH, right venmcular hypertrophy; SAX, short axis; SVC, superior vena cava; T, tachypnoea; TAPVD, total anomalous pulmonary venous drainage; 
, thicken’ 


Table 2 Chmcal and echocardiographic features of the 15 neonates with other causes of right ventricular overload 





Ags at LV SAX RV LVPW IVS 
study Weght BSA SS 














Panent (days) (kg) (n?) {mm) (mmj?) ({AP)(mm) (LAT)(mm) (mm) (mmj?) (mm) (mmjn?) (mm) (mmja) 
2 2 29 021 17 82:9 10 13 15 732 4 195 4 195 
2 13 33 022 16 744 14 17 17 791 4 18-6 5 23 2 
3 I 30 021 17 829 14 17 15 732 4 195 6 29 3 
4 2 35 022 18 807 12 14 12 538 es) 22 4 5 224 
5 10 31 021 21 100 0 15 17 15 714 5 23 8 6 28 6 
6 3 26 019 4 72.9 Il 15 18 937 2 104 f 365 
T 3 36 023 18 80 0 16 21 17 756 4 178 5 22.2 
8 10 27 0 20 8 400 9 14 21 105 0 3 150 4 200 
9 3 35 023 14 609 13 18 21 91-3 3 130 4 17-4 

10 3 33 021 13 619 14 18 16 76:2 4 19:0 3 143 

1 2 28 020 21 105 0 14 14 18 90:0 4 200 6 30-0 

12 1 30 022 14 63°6 14 20 12 545 4 18 2 3 136 

13 1 35 021 11 524 13 18 15 714 4 190 4 190 

14 77 41 025 16 64-0 15 17 16 640 4 160 4 160 

15 8 26 019 13 684 11 18 13 68 4 3 158 3 158 

ean 9 32 021 154 72 67 161 76 06 3-8 17 88 46 21°86 

(1 SD) 043 002 35 16 97 27 1416 342 663 

e 
Max T7 41 025 21 105 0 21 105 0 5 238 7 365 
Min 1 26 019 8 400 12 538 2 104 3 136 

dTGA, transposition of the great arteries; N, normal, Other abbreviations as in table 1 

Table3 Echocardiographic features of the 15 control neonates 
Age at LV SAX RV LVPW IVS 





Weght BSA OO GSE EES aed Ta 
Patent ae (kg) (m) (mm) (mmi?) (AP) (mm) (LAT)(mm) (mm) (mmj) (mm) (mmi) (mm)  (mm|n) 











1 14 41 0 24 17 123 17 17 8 340 4 170 4 170 
2 10 38 023 15 658 17 16 8 351 4 175 4 175 
3 i 18 O17 17 1012 17 17 7 417 4 23 8 5 29:8 
4 14 3-9 023 17 733 18 17 11 414 4 172 5 216 
5 5 33 022 15 69 8 15 15 10 465 3 140 4 186 
6 10 30 021 16 76 6 15 16 7 33-5 4 191 4 191 
7 60 37 0 23 4 609 16 18 8 348 3 130 3 13-0 
8 1 20 014 12 88 9 8 9 7 519 4 29-6 4 296 
9 7 31 020 18 923 13 18 12 615 3 134 3 154 
10 12 31 020 15 769 14 19 12 6155 4 205 3 15-4 
ll 2 27 020 13 650 14 15 8 400 4 200 4 20 0 
12 9 34 022 15 68 2 14 14 14 63 6 5 227 5 227 
13 15 3-4 0 22 19 86 4 15 15 ik 500 3 13 6 3 136 
l4 72 33 025 12 48 0 18 13 15 600 4 160 3 120 
15 38 20 0-14" 13 963 12 12 7 519 3 222 3 22-2 
Mean 19 31 020 152 76 12 97 47-56 37 18-79 38 19-18 
a SD) 07 004 21 1451 27 10-82 450 5-38 
Range 
Max 72 41 025 19 1012 15 636 5 29 6 5 298 
Min 1 18 014 12 48 0 7 335 3 130 3 120 
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MV Ao-S Ao-ST AAA 
m MV m AV LV contn 
(mm) (mmj) desc (mm) (mmn) (mm) (mmja) (mm) (mmj) desc (1-3) Other features 
4 189 Th, M1 3 142 3 142 3 142 Th MI 1 Th posterior wall, musc VSD, RVH, DA 
5 227 M1 3 136 3 136 3 13-6 1 RVH 
8 400 M2 5 250 6 30-0 9 450 2 Musc VSD, RVH 
4 183 Ml 3 13-8 3 13-8 5 229 Th,MIl 1 RVH 
0 0 MO 5 240 5 240 5 240 1 Th posterior wall, bicuspid AV, RVH 
0 0 MO 4 195 4 195 5 24-4 MO 1 LV sht like cavity, RVH, ASD, DA 
4 190 Th,M1 2 95 2 95 3 14:3 MO 1 RVH, DA 
6 333 M2 6 33-3 4 222 5 278 M2 2 DA, ASD, RVH, very dilated mam PA, 
L SVC to CS 
10 400 M2 8 320 7 28 0 8 320 M2 3 TAPVD, RV:EFE 
5 25 6 M2 3 154 8 410 8 410 Th MI 2 Ao coarctn + DA repaired 
58 273 42 20-03 45 21-58 54 2592 
22 93 18 821 196 957 222 1091 
10 400 8 333 8 410 9 45-0 
0 183 2 95 2 9-5 3 136 
MY Ao-S Ao-ST Ao-AA 
a MO OO AY LV contn 
(mm)  (mmjn?) desc (mm) {mmin?) (mm) (mmja?) (mm) (mmn) desc (1-3) Diagnosis 
9 439 N 7 341 7 341 7 341 N 3 TAPVD, CS 
10 465 N 6 27-9 6 279 6 279 N 3 VSD (sabarteral), subaortic stenosis, Ao 
coarctn, CS 
10 48-8 N 10 488 i 537 1l 537 N 3 dTGA, RVH, CS 
10 448 N 10 448 10 448 10 448 N 3 Ebstein, musc VSD 
12 571 N 8 381 9 42-9 11 52-4 N 3 Ao coarcm, musc VSD 
10 521 N 8 41-7 7 36-5 8 41-7 N 3 Peraistent fetal circulation 
12 53-3 N 9 400 9 40-0 1l 489 N 3 TAPVD 
8 400 N 7 350 6 300 7 350 N 3 TAPVD, impaired RV function 
9 391 N 6 26 1 6 26-1 7 304 N 3 ASD 
1l 524 N 7 333 6 286 6 28-6 N 3 Ao coarctn 
9 450 N 10 50-0 10 500 10 50-0 N 3 dTGA 
9 409 N 8 364 7 318 8 364 N 3 TAPVD 
1l 524 N 9 42:9 8 38 1 10 476 N 3 VSD, ASD 
13 520 N 1l 440 10 400 11 440 N 3 dTGA (VSD+ASD) 
8 421 N 9 47 4 9 474 8 421 N 3 ASD 
10-1 4737 83 3936 81 3812 87 4117 
15 5 63 15 7:25 18 8 48 19 8-63 
13 571 i 500 1l 537 il 537 
8 39 1 26 1 26 1 6 279 
MV Ao-S Ao-ST Ao-AA measured at end systole. For each, three 
Pe a TD TP eG Ege OT Re OT BOP ee ne een ae te fe ag eae ee eee |= - 
Tmn) (mala (ron) -Cmi Cm). (ml. Cn) (ja measurements were taken from three succes 
sive cardiac cycles. The mean value was 
10 426 9 383 7 298 9 38-3 expressed as an absolute value (mm) and 
i aes : ree 8 a ; al corrected for body surface area (mm |m’). , 
12 517 9 38 8 8 34-5 10 43-1 To assess the degree of geometric distortion 
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sessed from the real time image by two 
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7 35 1 A 300 5 256 é 308 three groups. Systolic contraction, evaluated 


from the serial short axis left ventricular 





358 


®© Parasternal long axis 





Parasternal short axis 


© High left parasternal 






7 Sinus level 


Ludman, Foale, Alexander, Nuhoyannopoulos 


Apical four-chamber 
Mitral valve annulus 





f Ascending aorta 
J Sıno-tubular junction 


Figure 1 Diagrammatic representation of the measurements made. (A) Parasternal long axis projection at end diastole. (B) Cross sectional short 
axıs projection at end diastole. (C) Parasternal long axis projection of the aortic root at end systole. (D) Apwal four chamber projection. 


projections, was graded from 1 to 3 (1 = 
negligible contractile function; 2 = reduced 
but fair systolic contractile motion; and 3 = 
normal contractile function). Disagreement 
between observers was settled reaching a con- 
sensus after a joint review of the study in 
question. 

Tables 1 and 2 show the associated con- 
genial heart defects. 


STATISTICAL ANALYSIS 

All results are corrected for body surface area, 
and dimensions are quoted as mean (1 SD). 
We compared the samples using Student’s 't 
distribution. A probability value of <0-05 was 
regarded as significant. 

We used logistic regression to produce a 
classification rule based on the dimension of 
the left ventricular cavity, mitral valve 
annulus, and aortic root to estimate the 
probability of a neonate having hypoplastic 
left heart syndrome. Such a rule can be 
formed from any set of the measurements 
taken and the more informative a set of 
measurements is the better will be the 
classification rule obtained from it. 

To assess the performance of a classification 
rule one could simply count the number of 
neonates correctly classified, but this does not 
measure the uncertainty with which each 
individual has been classified. Such informa- 
tion 1s provided by a statistic known as the 
deviance.’ When a number of measurements 
are added to the rule, the greater the decrease 
in the deviance, the greater the improvement 
in the rule. Significance was assessed by refer- 
ing the decrease in deviance to the x° distribu- 
tion with degrees of freedom equal to the 
number of measurements added. The analysis 
was carried out using the statistical package 
Generalised Linear Interactive Modelling.” 


Results 

In all individuals (patients and controls) 
echocardiograms were good enough to show 
the complete intracardiac anatomy. Tables 1 
and 2 summarise the clinical features of the 10 
neonates with hypoplastic left heart syndrome 
and the 15 neonates with other causes of right 
ventricular overload. Cardiac failure was the 
major presenting symptom in both groups; six 
(60%) of the neonates with hypoplastic left 
heart syndrome were acyanotic. 


CROSS SECTIONAL ECHOCARDIOGRAPHIC 
FEATURES 

Left ventricular cavity (fig 2) 

Although patients with hypoplastic left heart 
syndrome had smaller left ventricular cavities 
than patients with other causes of right ventri- 
cular overload (p < 0:005) and the normal 
individuals (p < 0-001) as a whole, there was 
a considerable overlap of individual values 
among the three groups. 

There was no significant difference in the 
degree of distortion between the patients with 
hypoplastic left heart syndrome and those with 
other causes of right ventricular overload 
(25-4%, 95% confidence interval 12-1 to 38-7) 
compared with 29-9% (20-6 to 39-2). The 
normal controls showed much less distortion 
(10:9%, 2 9-18-9). 

In all but one neonate with hypoplastic left 
heart syndrome left ventricular contractile 
function was poorer than in the subjects with 
right ventricular overload, all of whom had 
normal function (tables 1 and 2). 


Right ventricular cavity size (fig 2) 

In patients with hypoplastic left heart 
syndrome the size of the right ventricular 
cavity was similar to that in patients with other 
causes of right ventricular overload. In both 
groups, however, the diameter was greater than 
that in the controls (p < 0-001). 


Mitral valve annulus (fig 2) 

The mitral valve annulus was smaller in 
patients with hypoplastic left heart syndrome 
than in patients with other causes of right 
ventricular overload (p < 0-001) and in the 
controls (p < 0-001). Only two neonates with 
hypoplastic left heart syndrome had a mitral 
valve annulus within the range of values for the 
group with right ventricular overload and con- 
trols, while in two other patients with hypo- 
plastic left heart syndrome the mitral valve was 
clearly imperforate. 


Aorta (fig 3) 


The dimensions of the aortic root and ascend- 
ing aorta were smaller in patients with hypo- 
plastic left heart syndrome than in those with 
right ventricular overload (p < 0-001), though 
there was a considerable spread of values. This 
spread was also seen in the control group. 
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Appearance of the aortic and mitral valves 
Seven (70%) of the neonates with hypoplastic 
left heart syndrome had abnormalities of the 
aortic and mitral valves ranging from imper- 
forate valves (two of 10) to thickened valves 
with reduced mobility (four of 10); in three 
Po patients both the left heart valves were of 
normal appearance, One of these three had 
coexistent supracardiac total anomalous 
pulmonary venous drainage with obstruction 
(patient 9). These findings were confirmed at 
necropsy. 
No patient with a right ventricular loading 
condition had a morphologically abnormal 
mitral or aortic valve. 


Wall thickness (tables 1-3) 

Left ventricular wall thickness was generally 
similar in the three groups of patients. Two 
patients (1 and 5) with hypoplastic left heart 
syndrome showed considerable thickening of 
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Statistical analysis 
Logistic regression showed that the diameter of 
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Figure2 Comparative values and mean (1 SD) for the neonates with hypoplastic left 
heart syndrome (HLHS), right ventricular overload (RVO), and normal neonates 
(N) at left ventricular (LV), mural annulus (MV), and right ventricular (RV) 
levels. * Two HLHS patients had imperforate mtral valves. 
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Figure3 Comparatrwe values and means (1 SD) for aortic root dimensions at the sinus 
level, the snotubular junction (St), and ın the ascending aorta (Asc aorta). 





the mutral valve annulus was the single best 
measurement for distinguishing patients with 
hypoplastic left heart syndrome from either 
healthy controls or those with other causes of 
right ventricular overload. It correctly 
identified 37 of the 40 neonates (fig 5). The 
diameter of the aortic root at sinus level was the 
only other single measurement that correctly 
classified as many as this, but the deviance was 
greater (15 79 compared with 12-33), indicat- 
ing a less good fit to the data—as was evident 
from the histogram of estimated probabilities 
(fig 5). 

Of all the rules that used two measurements, 
none misclassified less than three individuals, 
although the rule using mitral valve annulus, 
aortic root measurement at the sino-tubular 
junction, and the dimension of the ascending 
aorta misclassified only one. However, the 
decrease in deviance from the model using only 
mitral valve annulus diameter was 5:15%, 
which when referred to a z? distribution with 2 
degrees of freedom is not significant at the 5% 
level. This indicates that such an improvement 
in the classification rule could well have arisen 
by chance. No rule classified all 40 neonates 
correctly. 


360 


Figure 5 Histograms of 
estimated probabilities 
when the diameter of the 
mitral annulus (top) and 
the diameter of the aortic 
root (bottom) were used as 
discriminants. Patients 
lying between probability 
intervals 0 and 0 5 are 
classified as having 
hypoplastic left heart 
syndrome (HLHS). 
Patients lytng between 0-5 
and 1 0 are classified as 
normal or as having 
another cause for right 
ventricular overload 
(RVO). 


Figure 6 Parasternal 
long axis views comparing 
anormal neonate (A) 
wth a neonate with right 
ventricular overload (B) 
and a neonate with 
hypoplastic left heart 
syndrome (C). 
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The fewer the number of measurements 
used, the less likely it is that the rule is 
reflecting “artefacts” in the particular dataset 
from which it is constructed—that is the more 
applicable it is likely to be to other situations. 
Because the correct classification rate was 
based on the same data as we used to derive the 
classification rule, this will tend to overestimate 
the accuracy of the approach. One way of 
reducing this effect is the “jack-knife” or 
“leaving-one-out’’ technique.’ !” Each neonate 
in turn was left out of the dataset and it was 
classified according to the rule based on the 
remaining 39. When we used this technique 
with the rule that used the dimension of the 
mitral valve annulus, the same three neonates 
as before were misclassified, and no others. 
This is an indication that the other 37 neonates 
were classified correctly with a high degree of 
confidence. 

We concluded that using mitral valve 
annulus dimension alone gives the best classi- 
fication rule. When we used this rule, the 
estimated probability of a neonate having 
hypoplastic left heart syndrome was: 
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where MV is the mitral valve annulus sfze in 
mm/m?. According to this rule, a neonate will 
be deemed to have hypoplastic left heart syn- 
drome if the estimated probability is greater 
than 0-5. This corresponds to the dimension of 
a mitral valve annulus being <36-3 mm/m°. If, 
for example, the mitral valve annulus was 30 
mmm? then the estimated probability of a 
neonate having hypoplastic left heart syndrome 
was 0 93. 


Discussion 

Though hypoplastic left heart syndrome 
accounts for between 1:5% and 9% of con- 
genital heart defects, it is responsible for up to 
22% of deaths in the first month of life.’ 

The echocardiographic recognition of hypo- 
plastic left heart syndrome is primarily based 
on the detection of small left heart structures. 
Often, however, it is unclear whether the left 
ventricle is “small”, or merely appears so 
because it is compressed and displaced by a 
dilated right ventricular cavity (fig 6). 

At present there are no echocardio- 
graphically measured standard dimensions 
below which a left ventricle is classified as 
“hypoplastic” and no systematic comparison 
has been made between the cross sectional 
echocardiographic features of hypoplastic left 
heart syndrome and other causes of right 
ventricular overload—most studies made com- 
parisons with a healthy population.’ * 

Farooki et al described the echocardiogra- 
phic features of hypoplastic left heart syn- 
drome based on M mode echocardiography 
alone and, comparing these measurements with 
those from a normal population, derived the 
following distinguishing criteria: left ventri- 
cular dimension <9 mm, aortic root diameter 
<6 mm, ratio of left ventricular to right 
ventricular dimension of <0-6, and, finally, an 
absent or greatly distorted mitral valve 
echogram.* When these criteria were applied to 
our data they were shown to be insensitive, 
particularly the left ventricular dimensions and 
the left ventricular to right ventricular ratio. 
These measurements identified four of 10 and 
five of 10 of the patients with hypoplastic left 
heart syndrome respectively. 
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The limitations of M mode echocardio- 
graphic measurements in the. diagnosis of 
hypoplastic left heart syndrome have also been 
highlighted by Lange et al who assessed M 
mode echocardiographic, cross sectional 
echocardiographic, and necropsy correla- 
tions.” They found that the range of 
hypoplastic left heart syndrome was too great 
to be resolved by M mode echocardiographic 
measurements alone, but the correlation be- 
tween cross sectional echocardiography and 
postmortem findings was close. 

In our study the variability in left ventricular 
cavity dimension in hypoplastic left heart 
syndrome measured from cross sectional 
studies was too great to distinguish between 
this condition and other causes of right 
ventricular overload or between the normal 
controls. Only three of the 10 neonates with 
hypoplastic left heart had left ventricular cavity 
sizes outside the range of the group with right 
ventricular loading. 

The dimension of the aortic root at sinus 
level was a more discriminative variable; 
however, coexistent aortic coarctation or an 
interrupted aortic arch will cause diagnostic 
confusion as reported by Lange et al.’* This 
condition did not occur in our population. The 
diameter of the mitral valve annulus was the 
most discriminative single variable and 
correctly classified all but three of the 40 
neonates. 

In our series, the three patients with 
morphologically normal left heart valves posed 
the most difficult diagnostic challenge. In one 
of these (patient 8), cross sectional echo- 
cardiographic findings were suggestive of total 
anomalous pulmonary venous drainage; only at 
operation was hypoplastic left heart syndrome 
diagnosed, the pulmonary veins draining 
normally. In another (neonate 3), despite a 
hypoplastic aortic root, all other chamber 
dimensions fell in the range of values found in 
patients with right ventricular overload. A 
comparison of the anteroposterior and lateral 
left ventricular cavity dimensions in the short 
axis projection did not show any difference in 
the amount of geometric distortion between 
patients with hypoplastic left heart syndrome 
and those with other causes of right ventricular 
overload. 

We conclude that no single echocardio- 
graphic feature was diagnostic of hypoplastic 
left heart syndrome. Furthermore, the 
presence of associated lesions that tend to cause 

„right ventricular overload in their own right 


- -may add to the diagnostic difficulty. cB 
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A positive diagnosis of hypoplastic left heart 
syndrome can be made with a high degree of 
accuracy if it is based on a constellation of 
echocardiographic features which include 
(a) the size of the mitral valve annulus and 
mitral valve mobility, (b) the size of the aortic, _ 
root and aortic valve mobility, and (c) the size 
and function of the left ventricle. 
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Balloon dilatation of critical stenosis of the 
pulmonary valve in neonates 


E J Ladusans, S A Qureshi, J M Parsons, S Arab, E J Baker, M Tynan 


Abstract 

Percutaneous balloon dilatation was 
attempted in 15 consecutive neonates 
(mean age 7'3 (range 1-27) days and 
weight 3-2 (range 2:5~4:1)kg) with 
critical stenosis of the pulmonary valve. 
Dilatation was successful in 11 (73%) 
patients. The mean balloon to annulus 
ratio was 1:1 (range 0-6—1-77). The ratio 
of right ventricle to femoral artery sys- 
tolic pressure decreased from a mean 
(1 SD) of 1:4 (0:32) before to 0'8 (0-24) 
after dilatation and the transvalvar 
gradient decreased from 81 (29-7 
mm Hg before to 33 (27:7) mm Hg afte 
dilatation. All four (27%) patients in 
whom dilatation was unsuccessful 
underwent surgical valvotomy. Com- 
plications of balloon dilatation occurred 
in three (20%) patients; these included 
retroperitoneal haematoma (one) and 
iliofemoral venous occlusion (two). In 
one (7%) patient severe hypoxia and 
hypotension developed when the valve 
was crossed with a guide wire and 
balloon catheter. Despite successful 
dilatation he died 7 days after the 
procedure. During a mean (1 SD) follow 
up of 2 (1:7) years, seven (64%) of the 11 
patients remained free of important re- 
stenosis. One patient required repeat 
dilatation three weeks after the initial 
procedure. In three (27%) patients re- 
stenosis developed 4-9 months after 
dilatation and all three had surgical 
valvotomy. Of the four patients initially 
referred for surgery three required a 
second operation and one required 
balloon dilatation. 

Percutaneous balloon dilatation gave 
effective relief of critical pulmonary 
stenosis in most neonates but complica- 
tions and restenosis requiring surgery 
were common, 


Since successful balloon dilatation of the sten- 
otic pulmonary valve was first described,’ 
several studies have shown its safety and 
efficacy in infants and children.?* When large 
enough balloons were used for dilatation, 
acceptable reductions in transvalvar gradients 
were obtained. The results compared favour- 
ably with those of valvotomy.** In these age 
groups most centres prefer balloon dilatation 
for the treatment of valvar pulmonary sten- 
osis. 

Balloon dilatation is also possible in neo- 


nates with critical stenosis of the pulmonary 
valve,? but may be associated with more 
haemodynamic disturbances and may be less 
well tolerated, especially if the ductus 
arteriosus has closed. So far only short term 
results have been reported in small numbers 
of patients.”® We report our experience with 
15 consecutive neonates with critical stenosis 
of the pulmonary valve in whom this treat- 
ment was attempted. 


Patients and methods 

PATIENTS 

Since November 1983 we have attempted per- 
cutaneous balloon dilatation of the pulmonary 
valve in 15 consecutive neonates with critical 
stenosis of the pulmonary valve. The average 
age at cardiac catheterisation was 7:3 days 
(median age 4 days, range 1-27) and mean 
weight 3-2 (range 2:5-4-1) kg. The diagnosis 
was established antenatally by cross sectional 
echocardiography in five (33%) patients. In 
all the clinical diagnosis was confirmed by 
postnatal cross sectional and Doppler 
echocardiography. All patients were cyanosed 
and 13 were treated with prostaglandin E, 
infusion before catheterisation. 


TECHNIQUE OF CARDIAC CATHETERISATION AND 
BALLOON DILATATION 

Cardiac catheterisation and balloon dilatation 
were performed under general anaesthesia in 
eight patients and under local anaesthesia with 
intravenous ketamine in the remainder. A full 
preliminary diagnostic catheterisation was 
performed via a percutaneous femoral vein 
puncture. Arterial pressure was monitored 
continuously by either femoral, umbilical, 
radial, or brachial arterial lines. A right ven- 
tricular angiogram was performed and 
recorded in the anteroposterior or the left 
lateral projections or both. The diameter of 
the pulmonary valve annulus was then 
measured from the lateral cineangiogram at 
the level of the attachment of the valve leaf- 
lets. We corrected this measurement for the 
magnification of the angiogram by reference 
to the external diameter of the angiography 
catheter. Then we selected a balloon catheter 
that was appropriate for the corrected annulus 
size. During the initial period of the study we 
used balloons with a diameter equal to or 
somewhat larger than the annulus. Sub- 
sequently we used balloons 20%-40% bigger 
than the annulus. The ductus arteriosus was 
open in 13 patients, though it was only small 
in five of them. 
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The pulmonary valve was crossed by 
standard 0-020 inch (two patients) or 0-018 
inch (four patients) guide wires (William 
Cook Europe) and 4 or 5 French multipurpose 
end hole catheters. In the latter half of the 
study period when it was not possible to cross 
the valve with the standard guide wires we 
used a “super floppy” or “steerable” 
exchange guide wire (Schneider Shiley UK, 
0-018-0-020 inch diameter) in five patients 
before abandoning the attempt. Once the end 
hole catheter was across the valve we used it to 
pass an exchange wire of a diameter 
appropriate for the balloon catheter. In seven 
patients the guide wire was positioned in the 
peripheral left pulmonary artery, in one 
patient in the right pulmonary artery, and in 
three through the ductus arteriosus. In one 
patient a guide wire (standard 0-018 inch 
wire) could not be passed to a stable position. 
In three patients with angiographically dys- 
plastic valves the pulmonary valve was not 
crossed (in two with standard guide wires and 
in one patient with additional Ebstein’s 
anomaly a “‘steerable” wire was used). 

When the guide wire was in a satisfactory 
position the end hole catheter and venous 
sheath were removed and the balloon dilata- 
tion catheter was passed over the wire 
(Schneider Shiley UK, Mansfield Scientific, 
and Meadox Surgimed USA). We used still 
frames from the angiograms as a guide to 
placing the balloon catheter with its mid-point 
across the valve. The balloon was then 
inflated with dilute contrast medium until the 
constriction caused by the stenosed pulmon- 
ary valve disappeared. The inflation-deflation 
cycle lasted 15-20 s. After balloon dilatation 
the balloon catheter was exchanged for a 
Goodale-Lubin catheter to measure the 
transvalve withdrawal gradient and right ven- 
tricular pressure. Repeat angiography was not 
routinely performed. The mean length of the 
procedure was 2-4 (range 1-1-3-9) hours. The 
mean duration of x ray screening was 34-8 
minutes (range 10-57 minutes). In patients in 
whom dilatation was successful, the mean 
(1 SD) annulus diameter was 7-4 (1-6) mm. 
The diameter of the balloons used ranged 
from 3 to 10 mm. The maximum balloon to 
annulus ratios ranged from 0-63 to 1-77 (mean 
1-1 (0-28)). 


BALLOON DILATATION IN STEPS 

Only one balloon was used in seven patients. 
In the last four patients, because it was impos- 
sible to pass a 5 French catheter through the 
valve without causing hypotension and hy- 
poxia, preliminary dilatation was performed 
with 3-5 mm low profile coronary angioplasty 
balloon catheters on 3 7-4-3 French shafts to 
reduce haemodynamic disturbance and ease 
the subsequent passage of the larger balloon 
catheters (fig 1A, B, and C). The details of 
this technique have been reported elsewhere 
in a different group of patients.’ In those 
undergoing dilatation in steps two balloons 
were used in one patient, three balloons in 
two, and four balloons in one patient. The 
final balloon diameters used ranged from 9 to 
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10mm and the balloon to annulus ratios 
achieved ranged from 1-0 to 1-77. 


STATISTICAL ANALYSIS 
Data are presented as mean values (1 SD). 
Differences between variables before and after 
balloon dilatation were assessed by Student’s 
t test for paired data. 


Results 

BALLOON DILATATION 

The pulmonary valve was successfully dilated 
in 11 patients. In three patients with dysplastic 
valves, one of whom also had Ebstein’s 
anomaly, the valve could not be crossed. 
Though the valve was crossed in another 
patient, the guide wire could not be passed toa 
stable position in either the left or right pul- 
monary arteries and thus the valve could not be 
dilated. All four of these patients had surgical 
valvotomy. 


HAEMODYNAMIC RESULTS 

The table summarises the haemodynamic 
changes. There was a significant decrease in 
right ventricular pressure, in the right ven- 
tricular to systemic pressure ratio, and in the 
transvalvar systolic gradients after balloon 
dilatation. 


COMPLICATIONS - 

One patient (7%) died 7 days after balloon 
dilatation. There were no late deaths. This 
patient, aged 3 days, had severe pulmonary 
stenosis and duct-dependent pulmonary cir- 
culation. When the pulmonary valve was cros- 
sed with the guide wire and catheter and the 
catheter was placed in the descending aorta 
through the arterial duct severe hypotension 
and hypoxia developed which required 
removal of the catheter, cardiopulmonary 
resuscitation, and inotropes. Successful dilata- 
tion was subsequently performed with a low 
profile 5 mm balloon, but when we attempted 
to pass a larger balloon the iliac vein was 
dissected causing a large retroperitoneal 
haematoma. Though initially the patient was 
haemodynamically stable after the dilatation, 
with a Doppler estimated residual pulmonary 
gradient <16mmHg, epileptic seizures 
developed and ultrasound examination showed 
multiple intracerebral haemorrhages. He 
became neurologically unresponsive and died 7 
days after balloon dilatation. 

Minor immediate complications included 
transient ‘bradycardia and hypotension on 
balloon inflation in all the patients. After 
successful dilatation of the pulmonary valve in 
one patient it proved difficult to withdraw the 
balloon catheter from the groin. On removal of 
the catheter a ring of vascular tissue was found 
wrapped around the mid-portion of the 
balloon. Contrast injection into the femoral 
vein showed a patent but irregular lumén with 
no extravasation of contrast material. The 
leg showed considerable venous congestion 
immediately after the procedure which 
resolved completely over 48 hours. 

The long flexible tip of a ‘“‘super-floppy” 
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results show that balloon dilatation is an 
effective form of emergency treatment. 

Balloon dilatation in neonates is often a 
technically difficult procedure but is associated 
with fewer risks than surgical operation. 
Several modifications in the technique are 
needed to reduce the occurrence of complica- 
tions, Before balloon dilatation, prostaglandin 
E, infusion is maintained and the patient is 
stabilised haemodynamically (if necessary 
inotropes are also used). Goodale-Lubin and 
other end hole 4 or 5 French catheters are used 
to attempt to cross the pulmonary valve. This is 
often the most difficult part of the procedure. 
We now routinely attempt to cross the valve 
with “‘super-floppy” or “steerable” guide 
wires of 0-014, 0-018, or 0-020 inch diameter 
(Schneider-Shiley). These reduce the risk of 
infundibular trauma and can reduce the time 
needed to cross the valve. Since “steerable” 
guide wires became available we have failed to 
cross the valve in only one of the last nine 
patients. This patient had additional Ebstein’s 
anomaly. Occasionally it is difficult to position 
the guide wire in either of the branch pulmon- 
ary arteries, Then the wire is passed through 
the ductus arteriosus and positioned in the 
descending aorta. The use of the ductus 
arteriosus may compromise pulmonary blood 
flow and result in haemodynamic deteriora- 
tion; therefore speedy initial dilatation is essen- 
tial. If the 5 French end hole catheter cannot be 
passed easily across the valve, then a coronary 
angioplasty balloon catheter of 3-3-5 mm 
diameter and 3-7 French shaft is used for the 
initial dilatation. This is followed by stepwise 
dilatation with larger balloon catheters to 
achieve the required balloon size.’ 

After dilatation the patient is weaned from 
the ventilator and prostaglandin E, while the 
arterial oxygen saturation is monitored. When 
desaturation persists and the right ventricular 
cavity is small prostaglandin E, infusion is 
continued for several days. Occasionally we 
have also used epoprostenol infusion to reduce 
the pulmonary vascular resistance. None of our 
patients required a systemic-to-pulmonary 
artery shunt, 

In previous studies a dysplastic valve was 
regarded as a contraindication to balloon 
dilatation.” ” "8 Most stenotic pulmonary valves 
in the neonate, however, seem dysplastic on 
echocardiography and angiography. They 
range from thin mobile leaflets with “pure” 
commissural fusion to valves with mixed dys- 
plasia and commissural fusion and to the 
severely dysplastic valve with thickened valve 
leaflets attached to a hypoplastic “ring” show- 
ing little expansion in systole.” It is the degree 
of commissural fusion that probably deter- 
mines the response to balloon dilatation, 
because disruption of commissural fusion by 
the balloon is thought to be the mechanism of 
relief of the obstruction.” One study has sug- 
gested that the degree of commissural fusion 
can be assessed from echocardiographic and 
angiographic appearances.” In neonates with 
critical stenosis of the pulmonary valve we do 
not believe that this can be determined with 
confidence. In this situation, where any reduc- 


__ SS ss §s§s§ SW 


Ladusans, Qureshi, Parsons, Arab, Baker, Tynan 


tion in pulmonary valve gradient and 
improvement of pulmonary flow is valuable, 
we have performed balloon dilatation 
irrespective of the angiographic appearances, 
recognising that surgery may eventually be 
necessary. 

Complications such as iliofemoral venous 
occlusion may prevent repeat balloon dilata- 
tion. We now routinely give heparin (50 U/kg) 
to patients before balloon dilatation. This and 
the use of balloons on smaller French size 
shafts may reduce venous occlusion. 

All the procedures lasted 2—4 hours and the 
fluoroscopy time ranged from 25 to 57 minutes. 
A similar period of fluoroscopy (30-68 min- 
utes) was reported by Zeevi et al. The duration 
of fluoroscopy is a potential risk to these babies 
because the dose of radiation received during 
the long screening times required for successful 
dilatation is not known. Fletcher et al cal- 
culated the radiation doses received by neo- 
nates during routine radiography and 
estimated the risks of malignant disease from 
fluoroscopy in different situations.” The risk 
of malignant disease was thought to be as high 
as 1 in 150 for some routine catheterisations 
compared with 1 in 280 000 for a single chest or 
abdominal radiograph. This is an overestimate 
of the risks of catheterisation because it was 
assumed that the risks for limited body 
exposures were the same as for whole body 
exposures. Nevertheless, the actual dose 
received by the neonates should be measured 
by skin dose meters. This may be an important 
factor to consider in the risk-benefit equation 
when balloon dilatation is compared with sur- 
gical valvotomy. 

Although good initial results in infants can 
be obtained with balloons that are undersized 
in relation to the pulmonary annulus, the 
incidence of restenosis is high.” Our series 
confirms this in the neonate also. Restenosis 
requiring further treatment developed in 60% 
of the patients with balloon/annulus ratios 
<1 Oand in 14% in whom the balloon/annulus 
ratio was > 1-0. As in older children balloon/ 
annulus ratios of > 1-2 give more satisfactory 
results.*” To achieve such ratios safely, we 
recommend progressive balloon dilatation to 
reduce the incidence of haemodynamic com- 
plications.’ 

While large balloon/annulus ratios are aimed 
for, too large a balloon/annulus ratio may be 
associated with complications. Ring et al 
showed that when balloons >150% of the 
annulus size were used in newborn lambs there 
was an increased incidence of subendocardial 
haemorrhage affecting the right ventricular 
free wall and outflow tract caused by trauma 
from the proximal end of the balloon straight- 
ening against the curvature of the outflow 
tract.” In clinical studies of older children 
Radtke et al showed that balloons 30%-60% 
bigger than the annulus size could be used 
safely to produce greater reductions in gradient 
than those associated with smaller balloons.’ 
Furthermore, the frequency of recurrence of 
pulmonary valve stenosis requiring further 
treatment was higher for balloon/annulus 
ratios <1-2 than for ratios > 1-2.” No benefit 


go 
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in terms of an immediate reduction in gradient 
or frequency of recurrence of stenosis was 
shown for ratios > 1:5. 

We believe that balloon dilatation, rather 
than valvotomy, is the best treatment for neo- 
natal critical pulmonary stenosis. It may be 
associated with a lower morbidity and mor- 
tality than surgical treatment. Restenosis may 
occur and is related to the use of undersized 
balloons. Other risks—for example the radia- 
tion dose of fluoroscopy-~and the long term 
results when large balloon/annulus ratios are 
used, need further evaluation. 
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_ Right sided endocarditis after balloon dilatation of 


the pulmonary valve 


Gurcharan S Kalra, Gurpreet S Wander, Inder S Anand 


Abstract 

A patient in whom infective endocarditis 
affecting the pulmonary and tricuspid 
valves developed after percutaneous 
balloon dilatation of the pulmonary valve 
is reported. 


Percutaneous balloon dilatation is an effective 
and safe treatment for pulmonary valve 
stenosis.’ We report a case of infective endo- 
carditis of the pulmonary and tricuspid valves 
after balloon dilatation of a stenosed pul- 
monary valve. 


Case report 

A 38 year old woman presented in exertional 
dyspnoea (New York Heart Association class 
III). She was found to have severe stenosis of 
the pulmonary valve. Echocardiography 
showed a thickened and doming pulmonary 
valve. She underwent balloon dilatation. Four 
inflations were performed with a Mansfield, 9 
French, 25 mm diameter, 3 cm long balloon 
catheter. The systolic pulmonary gradient fell 
from 194 to’'63 mm Hg after dilatation. There 
was no pulmonary regurgitation murmur after 
the procedure. She was discharged from the 
hospital the next day. On day 15 after the 
procedure fever developed which responded to 
a course of antimalarial drugs. Two months 
later, breathlessness had improved to New 
York Heart Association class II and a repeat 
catheter study at this stage showed a peak 
systolic gradient of 84 mm Hg across the 
pulmonary valve. Repeat dilatation was not 
attempted. Two weeks after the second 
catheterisation an intermittent moderate grade 
fever developed. She complained of anorexia 
and weight loss. A loud pulmonary regurgita- 
tion murmur had developed. Echocardio- 
graphy showed large mobile vegetations on 
both the pulmonary and tricuspid valves. 
Blood cultures for aerobic, anaerobic, and 
fungal organisms were negative. She was 
started on a combination of penicillin, clox- 
acillin, and gentamicin. The fever responded 
within a week and the antibiotic treatment was 
continued for six weeks. A repeat catheter 
study two months after treatment of infective 
endocarditis showed that the pressure drop 
across the pulmonary valve was further 
reduced to 23 mm Hg. The patient was re- 


viewed several times in the past year and has 
remained well. 


Discussion 

Infective endocarditis of the pulmonary valve 
as a complication of balloon dilatation has not 
been reported before. There is, however, a 
report of a case of aortic valve endocarditis after 
balloon dilatation in an immunocompromised 
patient.? Infective endocarditis is rare in 
patients with pulmonary stenosis. Johnson et al 
reported an incidence of 0-2 per 1000 patient- 
years.? However, studies in animals have 
clearly established that catheter induced 
endocardial damage can cause infective 
endocarditis when animals are bacteraemic.* 
Moreover, infective endocarditis of the pul- 
monary valve was commen in a necropsy series 
of patients monitored with a Swan-Ganz cath- 
eter. These workers suggested that the infected 
vegetations were a direct consequence of cath- 
eter induced endocardial damage and sub- 
sequent bacteraemia.’ Stretching and rupture 
of the valve tissue have been suggested as the 
mechanisms of the relief of obstruction by 
balloon dilatation of the pulmonary valve. 
These could make the valve vulnerable to 
endocarditis should bacteraemia occur. Our 
patient did not undergo dental or any other 
procedure after dilatation of the valve. 
Endocarditis in her case may have been related 
to the second cardiac catheterisation study, 
although bacteraemia seldom occurs during 
routine cardiac catheterisation. 

Pulmonary valve vegetations have seldom 
been described on echocardiography. First, 
because pulmonary valve endocarditis is rare 
and secondly because it is often difficult to 
visualise the pulmonary valve on echo- 
cardiography.° Reports of multiple valve 
involvement with vegetations on the right side 
are still rare. The vegetations on the tricuspid 
valve in our patient could be the result of an 
extension of infection from the pulmonary 
valve. The late reduction in the pressure drop 
across the pulmonary valve after the second 
catheterisation was probably the result of 
“medical valvotomy” by infective endocarditis 
as has been reported before. Although we do 
not know the source of infection in the present 
case careful attention to sterile technique and 
prompt removal of intravenous lines may 
reduce the frequency of bacteraemia. 
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Rothschild’s promising German academic 
career was cut short when Hitler rose to power. 
He had spent, two years in England as a 
postgraduate and with Lewis wrote papers on 
intermittent claudication and ischaemic 
paralysis of nerves. Lewis warned him of the 
Nazi danger looming; after he had returned to 
Frankfurt he received a telegram from Lewis 
offering him a base at University College 
Hospital and brought his family over. He 
subsequently entered general practice, also 
serving in the Royal Army Medical Corps. 
After his death in 1965 distinguished contem- 
poraries including A V Hill and Sir George 
Pickering wrote in glowing terms of his abilities 
and distinction (Lewis collection). 
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Management of an infected graft in the ascending 
aorta by an omental pedicel graft and irrigation 


with povidone iodine 


William Joyce, Simon Huddy, E E John Smith 


Abstract 

An infected graft in the ascending aorta 
was managed by use of an omental 
pedicel graft and local irrigation with a 
dilute suspension of aqueous povidone 
iodine. This conservative approach is an 
alternative to the high risk procedure of 
graft replacement. The large abscess 
cavity associated with the aortic pros- 
thesis was diagnosed by computed 
tomography. 


Infection of an aortic prosthesis is a gr 
complication of cardiovascular surgery. Such 
infection is associated with a high mortality, 
limb loss, or both.' Usually the infected graft 
is removed and blood flow is rerouted through 
a clean field. This requires technically dif- 
ficult surgery in very ill patients. 

The omentum can ‘wall off and localise 
potentially dangerous inflammation and gas- 
trointestinal perforations. In most individuals 
the omentum, on a vascular pedicel, is large 
enough to be used in the thorax. This 
approach combined with the local antibac- 
terial action of povidone iodine seemed an 
attractive alternative to replacement of an 


‘infected graft. 


Case report 

A 65 year old woman was referred with a 3 
month history of increasing shortness of 
breath and a past history of rheumatic fever. 
On admission she was found to be in acute left 





Coronal 


computed tomogram at T5 level showing a large (8 cm diameter) pertprosthetic 
abscess { + ) and gas bubbles (arrow). 


ventricular failure and was initially treated 
medically. An echocardiogram showed con- 
siderable left ventricular dysfunction, severe 
aortic valve incompetence, and a 10cm 
aneurysm of the aortic root. Subsequent car- 
diac catheterisation confirmed these findings. 

Four days after admission she deteriorated 
medically and required ventilation. After 48 
hours of ventilation and an improvement in 
her condition she was taken to theatre. After 
initiation of cardiopulmonary bypass and 
cooling to 23°C centigrade, the aortic valve 
was replaced by a 21 mm Bjérk-Shiley valve. 
The aortic root aneurysm was resected and 
replaced with a 34 mm Gelseal graft. 

At first she made a good postoperative 
recovery. But 3 weeks after operation a fever 
developed and the sternal wound began to 
discharge serous fluid. Two of six blood cul- 
tures grew a coagulase-negative staphylococ- 
cus while the sternal wound grew mixed. 
coliform bacteria only. Treatment with 
intravenous pivampicillin and cefotaxime was 
started. Despite a normal white cell count the 
wound continued to discharge though it 
remained stable. Computed tomography 
showed a large abscess cavity associated with 
the aortic prosthesis. The vascular anas- 
tomosis seemed to be intact. She was therefore 
returned to theatre and the wound was re- 
explored. 

A large periprosthetic abscess cavity was 
evacuated and the area was washed out 
thoroughly. The anastomosis was intact. The 
wound was extended into the upper abdomen. 
A flap (15 cm long) of greater omentum was 
mobilised off the transverse colon. This was 
delivered into the pericardial space through a 
substernal tunnel and was loosely held in 
place around the prosthesis. Three drains 
were inserted into the pericardial space. The 
wound was closed with sternal wires and deep 
tension sutures to superficial tissues. 

The wound was irrigated postoperatively 
for 10 days with a dilute aqueous suspension 
of povidone iodine via the pericardial drains. 
Culture from the abscess cavity was sterile; 
none the less, a 6 week course of vancomycin 
was started. She made an otherwise unevent- 
ful postoperative recovery and she was well 18 
months later. 


Discussion 

Infection of mediastinal aortic prostheses is 
uncommon but management remains a major 
surgical problem. Diagnosis can often be dif- 


b 


ficult. In our patient computed tomography 
established an early diagnosis that led to 
prompt surgical intervention. 

Replacement of the infected graft is 
associated with a high risk. A more con- 
servative approach by debridement and irriga- 
tion with povidone iodine reduces the local 
bacterial count but generally does not effect a 
cure.? The major contributing factor to failure 
in treatment of mediastinal graft infections is 


_ the obliteration of the dead space because of 


the rigidity of the retrosternal compartment.’ 
An omental pedicel graft fills the dead space 
and reduces the potential for reinfection.** 

As well as having anti-inflammatory 
properties, the omentum also contains an 
angiogenesis factor’ which encourages new 
blood supply and provides fibroblasts to 
enhance healing. This in itself may be of 
considerable importance in the management 
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of local sepsis. The omentum is large enough 
to be taken to anywhere-in the body to treat 


graft sepsis. 
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Pseudoxanthoma elasticum presenting with 


myocardial infarction 


Alistair K B Slade, Roy M John, R H Swanton 


Abstract 

A 31 year old man presented with an 
anterior myocardial infarction. He had a 
history of recurrent gastrointestinal 
bleeding of obscure cause since child- 
hood and peripheral vascular disease. A 
clinical diagnosis of the type 1 dominant 
form of pseudoxanthoma elasticum was 
supported by histological data from skin 
biopsy. 


Nearly all cases of myocardial infarction in 
middle aged men in the UK are caused by 
idiopathic atherosclerotic obstructive coron- 
ary artery disease. Premature coronary artery 
disease is frequently associated with 
hyperlipidaemia and diabetes mellitus but 
inherited abnormalities of connective tissue 
are a rare cause. We report a case of pseudo- 
xanthoma elasticum presenting with a myo- 
cardial infarction. 


Case report _ 
A 31 year old white man presented to his 
general practitioner in January 1989 with a 
history of an unprovoked episode of pro- 
longed anterior chest pain ten days before. 
An electrocardiogram showed changes of a 
recent anterior myocardial infarction. He was 
referred to hospital for outpatient assessment. 

A past history of recurrent gastrointestinal 
bleeding and intermittent claudication of the 
right leg was elicited. Gastrointestinal bleed- 
ing had commenced at the age of 12 years with 
bouts of melaena requiring blood trans- 
fusions. Endoscopy of the upper gastro- 
intestinal tract was normal and biopsy of an 
area of abnormal gastric mucosa showed only 
histological features consistent with gastric 
erosion. He continued to be troubled by 
repeated epigastric pains and melaena and was 
admitted to hospital several times for repeated 
investigations that failed to show a definite 
cause. Intermittent claudication affecting the 
right calf muscle appeared during the 12 
months before his present episode and 
produced claudication pain at 600-800 yards 
(540-720 m). There was no family history of 
arterial disease, hypertension, or recurrent 
gastrointestinal bleeds. He smoked 30 ciga- 
rettes per day and alcohol intake was 
moderate. 

There were no peripheral pulses below the 
femoral arteries on either side but there was 
no evidence of chronic ischaemia in the legs, 


He was normotensive (150/80 mm Hg). 
Retinal examination showed florid angioid 
streaks. He had small areas of pseudo- 
xanthomatous skin on either side of his neck. 
The electrocardiogram confirmed changes of a 
Q wave anteroseptal myocardial infarction. 
Chest x ray showed mild cardiomegaly but no 
cardiac failure. Echocardiography showed an 
area of anteroapical hypokinesia without 
mural thrombus and fair overall left ven- 
tricular function. The lipid profile was 
normal. He was treated with 50 mg daily of 
atenolol and discharged with arrangements for 
an exercise test and clinic review. Six days 
later recurrence of chest pain led to admission 
to hospital. There was no objective evidence 
of new myocardial ischaemia or infarction. He 
was referred for urgent coronary angiography. 

Cardiac catheterisation showed anteroapical 
left ventricular akinesia. The left anterior des- 
cending artery was occluded distal to the first 
septal branch (fig 1) and the distal vessel filled 
retrogradely from the right coronary artery 
which was dominant and normal. A small 
circumflex vessel was normal. The left ven- 
tricular ejection fraction was estimated to be 
33% by radionuclide ventriculography. 

The patient’s cardiac symptoms settled 
with medical treatment and he was discharged 
on nitrates, diuretics, and captopril. Sub- 
sequent vascular surgical intervention by way 
of percutaneous angioplasty for a tight steno- 
sis of the right common femoral artery was 
successful and greatly improved his claudica- 
tion pain. Genetic counselling has been given. 


Dicussion 

Pseudoxanthoma elasticum is a rare inherited 
disorder of elastic tissue (incidence 
1:160 000).! There are at least two dominant 
and two recessive inheritance patterns of the 
disease.? This patient has the type 1 dominant 
form with predominant vasctilar and eye 
changes. 

Pseudoxanthoma elasticum is expressed 
clinically in three main areas: the skin, the 
eye, and the cardiovascular system. Wide- 
spread involvement of the muscular arteries 
also produces haemorrhagic symptoms in 
almost every organ system. The degree to 
which the various systems are affected is 
highly variable. Haemorrhage and cardio- 
vascular complications usually bring patients 
to medical attention. The cardiovasculat 
manifestations reported include peripheral 
vascular disease, coronary artery disease, 
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Left coronary angiogram in the right anterior oblique view showing occlusion 


of the left anterior descending artery distal to the first septal branch (arrow). 


renovascular hypertension,’ restrictive 
cardiomyopathy,’ and an association with 
mitral valve prolapse.’ The basic abnormality 
is not clear but is thought to involve degenera- 
tion of elastic tissue. Pathologically, disorgan- 
isation with fragmentation and clumping and 
calcification of elastic fibres in muscular 
arteries and endocardium has been noted in a 
necropsy study by Mendelsohn er al.° This 
study of three patients with pseudoxanthoma 
elasticum and congestive cardiac failure also 
showed considerable involvement of the atrial 
endocardium with extensive atrial calcification 
in one case. 

Angina is well recognised and Carlborg et al 
reported angina pectoris in 15 of 29 patients 
with pseudoxanthoma elasticum at a mean age 
of 38 years.’ However, myocardial infarction 
is thought to be rare. Coronary artery disease 
was reported in childhood? and coronary 
bypass grafting successfully undertaken in an 
18 year old girl.” 

Our patient had the classic features of 
pseudoxanthoma elasticum and histological 
examination of a skin biopsy specimen (fig 2) 
confirmed the diagnosis. The patient is suit- 
able for coronary artery bypass grafting if 
angina becomes limiting. Retinal fluoroscopic 
angiography is necessary for identification of 
possible vessels liable to haemorrhage that 
require laser photocoagulation. Fortunately, 
there has been no recent recurrence of gastro- 
intestinal haemorrhage but a bleed that is 
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Figure 2 Histology of skin biopsy. Haematoxylin and 
eosin stain showing the swollen and clumped elastic fibres 
arrows) in the dermis. 


difficult to control could be treated by gastric 
arterial embolisation. 

In our patient there was a rare but impor- 
tant cause for coronary artery disease; young 
patients with a history of recurrent gastro- 
intestinal bleeds presenting with vascular 
occlusive complications should be carefully 
examined for such rare inherited forms of 
connective tissue diseases. 


We thank Dr T Matthews of Battle Hospital for help with the 
histological data. 
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Obituary 





BYRON EVANS 


Byron Evans, a highly regarded and eminent 
Welsh general physician and cardiologist, died 
on 1 January 1990 at the age of 77. Born in 
Llanon, Cardiganshire, the only son of a 
master-mariner, he trained at the London 
Hospital, winning prizes in anatomy, patho- 
logy, and clinical medicine along the way. He 
qualified MB BS and in the Conjoint Board 
Examination in 1936, adding the London MD 
and MRCP three years later. His resident.and 
other early appointments were all at the Lon- 
don and, in listing some of the major events in 
his life, he recalled that as a pathology assistant 
he had performed one thousand postmortems. 
During the second world war, he was officer in 
charge of a Royal Air Force medical division 
serving for some of the time in the Middle Hast. 
He then became a consultant in Cardiff, 
remaining until his retirement in 1977 as the 
senior physician in the University Hospital of 
Wales. 

He was made Fellow of the Royal College of 
Physicians in 1957, was a member of the 
Association of Physicians of Great Britain and 
Ireland, and a member of the British Cardiac 
Society. His publications, reflecting a wide 
range of interests in general medicine and 
cardiology, included a chapter on communi- 
cable diseases in a textbook of medicine edited 
by Garland and Phillips and papers on leish- 
maniasis, toxic polyneuritis, the Fanconi syn- 
drome, hyperparathyroidism, syphilitic aor- 
titis, cardiomyopathy, aortic dissection, and 
various aspects of the treatment of hyperten- 
sion and heart failure. He showed the advan- 
tage of oral thiazides over parenteral mercurials 
and in later publications confirmed the 
attributes of methyldopa. 

He was one time chairman of the Society of 
Physicians in Wales, consultant to the Civil 
Service Sanatorium Society, member of the 
council and of the senate of the University 
Hospital of Wales, vice president of the 
Medical Protection Society, and member of the 
committee of management of the Medical 
Insurance Agency; from 1970 to 1974 he was a 
member of council of the British Cardiac 
Society. Awarded Her Majesty’s Silver Jubilee 
Medal in 1977, in 1981 he was made LL D 
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(Wales) in recognition of his distinguished 
contribution to medical education and the 
promotion of health. 

He is remembered as an exceptionally able 
physician and a superb teacher of clinical 
method, gentle and caring in his dealings with 
patients and friendly, supportive, and loyal in 
his relationship with junior staff. As a first 
assistant at the London he had been inspired by 
Donald Hunter, William Evans, and Horace- 
Lord Evans and he often spoke of his indebted- 
ness to them. They in turn regarded him with 
special affection. His tribute to William Evans, 
who survived in full vigour to the age of 92, 
appeared in the British Heart Journal in 
January 1989. 

Enduring respect for Byron is evident 
especially from those who were his students in 
Cardiff. He took a close fatherly interest in the 
medical school rugby club, initiating the 
Provincial Hospitals Seven-a-side Tour- 
nament and donating the now much coveted 
Byron Evans cup. His sense of fun and expres- 
sion of it with a stammer largely contrived— 
although in his student days it had been an 
embarrassment—are legendary. His hobbies 
included fishing on the Usk and the Teifi and 
sailing from Solva. He spoke Welsh fluently 
and true to his heritage had a great love of 
choral music. A compulsive conductor his style 
was unique, demanding, with uncharacteristic 
ferocity, hwyl before harmony and commit- 
ment before comprehension from choirs com- 
prised usually of colleagues or disciples with 
opportunity if not cause for celebration. But 
those who may have concluded that the ease 
with which he emphasised the lighter aspects of 
life was one of his prime attributes would of 
course have been very wrong. 

His illness before he died was protracted and 
sometimes distressing. Nursed expertly at 
home by his wife Kirsteen he showed courage, 
dignity, and unfailing humour. Greatly 
affected by the death of Pamela his first wife in 
1973 he married Kirsteen in 1977 and had been 
blissfully happy in retirement. He is survived 
also by a son and twin daughters of his first 
marriage and by eight grandchildren. 

EIRIAN WILLIAMS 
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